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(54) SEMICONDUCTOR LASER, SEMICONDUCTOR LIGHT-EMITTING ELEMENT AND ITS 
MANUFACTURE 

(57)Abstract 

PROBLEM TO BE SOLVED: To reduce the threshold current 
density of a short wavelength semiconductor laser by 
constituting the thickness of an active layer with the single 
gain layer to be larger than a specified thickness, and an 
optical guide layer installed between the active layer and a clad 
layer. 

SOLUTION: A clad layer 2 is formed on a substrate 1. An 
active layer 4 is formed of a single gain layer, whose thickness 
is not less than 3 nm on the clad layer 2 through an optical 
guide layer 3. Namely, a single-well layer is formed when 
quantum well structure is formed, and the single active layer is 
formed, when structure is not formed. Consequently, the 
scattering of impurities is reduced and the mobility of holes is 
improved by setting the active layer 4 to be an undoped layer. 
A clad layer 6 is stacked and formed on the active layer 4 
through a light guide layer 5. Thus, the threshold current 
density of a short wavelength semiconductor laser can be 
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£> *»$*^(iv5xU-^3>K«tD!iaSUfc©T 
Cl©3itS£0 3 3 71M03 7 LT|«^r*„ 

x\U>> hD>7o 7 >»S N H)^ x ^--/t-^D-pfeih^ 

[00 2 1 ] 03 3#ffi? 
0 3 3tt, >SttJiJS^(3fclt47j:>l,5*fii(D^<b«:^ 

ttOTfc*), 0lcfct*T*S^UfeRrtic^r«lic:. ti5 

mt£m{ztii\-cpm*ii<< ^m^'ois.^^-mizii, 

ZZtttbfrZa 

[0 0 2 2] EP^ X ^©ttJMJSUCfcUTte. *-.«,© 
x 5 mm. E (±«ff-af S Z t IZ 3& S 1)K 

-t-<< v=?<{ h'&*m&tittizisi\Tiu isi±atp«3t 

*'-f K/I©8l7x;p = £fcteE ( ,©^-aft<##lc;*;£ 
[00 23] 034#ft8 

€:^5xU-^a>LfctS*€:^Lfc0TfcOx 0^6 
>S1ieiwii-r*B5lc:piW3fe*W KJlT:4kA/c 

[00 24] zom&ztifrmy&u.i'—y'&mizms-L 

fc#*fc©-Cfc£*>\ d©«lC, p«3t*--f KJITOS 
Ugf&tex pl^7 7 K«J*6>SteJg'v©* 

[0 0 2 5] £fc N S14JI/)<MQW«figTfc**§^ * 

-^©&A&*©ag#tefi^#R/i <$x;ws) fig©* 

tl;ifc£©T N C©*|fiSE3 5}Rlf03 6£#I!BUT 
0 3 5#R8 

03 si*. m3 3<D&mizisif2>j& : ?mmi3&G>7t-Y-jL 

SBfi»tffli'$2l/-v3 >feS^t@T:fc*)x 0fr 
engfrftJ^lC MQWJS14^lc:fclt-S7jx-^ffiej!)< 



[002 6] 03 
036 li. HC<03 3©tt®tfcltS«?-)K^*|qJ© 
e^f f&JK^©^ 5 i U - v a >^S^^t0Tfe ij x 
06^^^/»^«td(3. n«i|3t*V KJ8«^6aA**l 
SMQW^JlKfcltx.g^&gfcpiii^tf'f KificfS) 

mttfrtbizn : *ti<*-)uz%\z2iit?>tiz&mT'Si> 
*• 

[0 0 2 7] 3©«|I3. *--IUi:S^ttl3ll«©^lS) 

HZ(D-C; 3©$M03 7«r#SStTittB^r-2,„ 
03 7#R? 

MQw*mt*is- j >f<D&mm : i L #p*iztiVZJt¥wm 

S^^lCfcCxTlipSf 5«y KiiA^©IE?L©«|&A< 

tM^o»\ *©!«&*<£ us fcu?e£3fe©rass8i£s 

*&Hffii&©*^*&fflufc U — tf fcgfc*4$tt Ltxi „ 
[0 0 2 8] EP*i N f33EiaiS;S?*SIS8iig©*i3f*£JBU 

&<D&*#pmfr?>mf$.i!tizm'£iizte. t^y?^ 

[002 9] d©«&7t^fiJft©ST#^P B 1©^- 

^— lix 3fc*ftiRlI£:fcoTU*nfll©2o©g^ 
^FJUdfcUTt,. 0 3 5M0 3 6A^B^e>*^J;-5 

pfl)©3o©S^#f5JBft<U— tf^llg 
© U $ x u, 5 £p<4i; Jif •SH35M«: nfi?© 2 o© 

[0030] m—lZ, nfi!|© 2 o©g^#J=JI A<7feRiR 

□ ^A^igftOU. U^t^7x^5^{4E' u^©t©*< 
±# bT L ^ t ^f&Sft^r S Z 1 o 
[0 0 3 1 ] 0 3 8#J& 

03 8li. 2>m& : f#Fy£1£miztUti&?#Fimo)®. 

ztettmrnzftmLtzMQw^mteis-vnyctiitt- 

mjjS*$i±€:7R^-0TrfcO. C©«£, 3>{*©3tE8 ti^to 
6^ & S jS1±^ & iglt M Q Vl*m# U — If © 
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[0 0 3 2] Ztllt, iMIftU— *f©«I$lirt§|5a^ 
^trtaJax-Ci*^d*v5fctf)v n<8J©2o©g^#p 

[0 0 3 3] 3=fcx tt*©MQWffiJg^#U— tfTr 
3 7 I3^r«l3, >SttS(D^^tirSlrg^^i3iS*<3l5 

1 ®@©fi*#Fte*^Gmfc/><-»UTt>fcixfc 
[0034] ait. u— v&mz&s-Tzmiztotevm 

[0 0 3 5] ^ UT. HPSlCtt. tt*»*fc©>£t£JI^©# 
*&lix ^£^W^Tt.±<*©5fc5iSJ£©#j3%flj&-*:fc 

g*3t^fijf3 &$8<£-r*JlT:*£ < fe6&(.x^ 

[0 0 3 6] $fcx 3EfifS££;h.Tlx2, x fi^#p^6< 
1 OJI71S2 01©MQ Wl/ -If ©*§^K:li x g^#P 

«B©g^#FT-©3fcK! U&fttf^ 0 'Jx£ < «c »? s L 
£ i x<g@jfcfeg J ii 6<tgjbQT 4 1 c» -5 r«g&A<fc & o 
[0 0 3 7] ±ii<D®<DSSJ3J;»J. Jgfcl?N§ 

-tflCfclxTttx *Wt-7a-ttitMl\(***!J7 
* K<!//tJI£fS:l:fT:ix£A< x **UCfc^>Tx 

e>iznm\z?tifiLn*mm&£tc>) . x*£*m 
tfigaa-r & t tx 3 raa a o 

[0 0 3 8] Lfc/)bT 4 t-fh?^ K*<t^«54^f* 
SfflixfcM Qwf#ft u -if ©t$tt£35c#-r £ fci&l;: 

£#x ^©fc&Klix ±i£©*i'y7'<DTlS)-)±AS» 

[0 0 3 9] U^U ±j^a>miz±-( h^<i KSflsdfe 
*3£f*£fflu£MQW*^f*u-- «f©*§^i;:ttx ±4 v 

h-&it-&fo*smz&mtemmij<& o % ce*©ras 

ffll»feMQW*i#U- tfl^ffl<*n-Ctx?.«idcT?x *■ 

-f^-f v*{b&to#mmzi**ntb-vi*te.i\tof£i}m 
t ifrsfrtttttr a 3. t. w&mztzz. 



[0 0 4 0] ?CT. «xWf-^l3x -ASKx '*-*©& 

* 3 t(3«fc •? fr-^i&g&JgiDS 3 £W%z.e>tiZ1}K 
31©*g£l3lix frxol, *-^©»A$*$j!><ffiTT.& 

T*-^©*Mi£&Ml3eT;*-tf:-S3i:l3&So 

13 x P^««5©K-t>yj8Jg«:^4i>Ttx **6«J© 

S£t3Mt*/)<'Jx;*txfc4& s *-/U&£/><fcJ!>x&j!>x±A<£j&: 

lxCfcfcP.gSi:fc£o 

[004 1 ] -J£l3x MQW*SftU- »fir*Jlt 

* + ^'JT©^->±A*&#-rS^tolJHix £figT 
#^«ligl3j3lt-5.«J>J:^Ji©KS^}S<rSZtx AU 

7S©j?£ 3 tx &&.'/fij7jia>x*ftfi 

<x EP^x IS$«^S&']x*<T£3fc*><*rm?fcSfc# 

[004 2] c©rt, ^x^jiroKettx U— »f©3fc^ 
< :fe& t x U — tfiSi+OgSgJSB-Irfc 

»)x *fcx ^--f h^-f K^MQWSfef^U- tf!3i3 

i.Tx u T'iirosa^&'jx* < -r s fc u-5 c fciix 

**A<x dm*^©tS)bQ&t.7c&Lx feStt^fc-T* 
ZiiiZl3:2,<DT-&£ U<<fctv©Tx Cl©^ffi^03 9€: 

[004 3] 03 9#RB 
03 9(ix /^'JT'JltUTffltx^I n. Gai, N&ffl 

fl(;/3^A^S^^t5tJ& < «:0 x «3fe«ft*A<'h* < *c47c 
tf)x MiJ7lfflIna5ttxfe*|<T$fs Ufc*>o 
Tx g^#Ffl!Ji©/XU7'«:fi< UT5iAi9l*&JS«>4 

[0044] — *x nvTmommiz-o^xi*. et*© 
mm vmi* tg^#F@fa©ittBBi»©»*ai licj;* 

f Off A'«c ^ 0 x -^t'J7egSfc9 ©ife^fUff 

ij^tt i, — if \z l\T t ^© * * &m tx?, o 
[004 5] LfrU ^--f h^-f K^ft^^^ffl 
tx^MQWiH^f*U--»f|c:j3t\Tlix ±5fi©<t3l3* + 
'J7©««jSgA<^:istxfc4i). g^#p/)^©iftttKiSt 
©^*Hi L#'>& < x lo, /t>K • ^tv/©^- 
t±©fca6PgKtt©3t^firff i: t. fcS^F*:* ^ T 

S3 Ox ^©fctox 5 nmtt±©£tJ?tt*Btt&3xttT-tt 
«eut©*Slft[CMofco 

[0046] i fc N ±iE©mi3x iSit^T^jftlo-HH* 
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[0 0 4 7] £*>iz. ±i£©0©Jl&|;:J:»K 

•? t. e^©# - A - y a - a<*Rfi<jfcr«3S fc t £ % „ 
[0 0 4 8] EPS. **ftls-1faU*lWra3ftttJ 
ulix T. £g^©^-f 7*-f A N d£>£1±JI©Jl£ x 
e£3gg?5x Nu£L£l\(I**y7'agi:l,fc*§^ 
J »» = N ii • d ■ e/r, 

£ NuC£l**flU HIS. 
{ E f u=Er (N,i) 

[0 0 4 9] £© L£lWt*vy:P!&£N»(i, 
T'ffi^NCDKSBcC^SG. (modal gain:i 

\ [0050] z<dg. (ir&itiavSjito^at u g& 
g. =r • g 

Cja.«6/)^+»Tfc*ilfG. ff>l\£ <&0. ^ttlC^o 
TL£lMg*+y:Pf&£Nufc;*;£<fe»K Lfctfo 
Tx Ltt>fil7j:^$^{jlE' u/)<±ft<»)^»r 
CO L§ufi7i;R¥(5E' < feS Sp: 

m =i- © X - 1 \ - y a - A<pgs £ £ o 

[00 5 1 ] £fc % ^Hgft^^lxdfc^^H 
T?x :*-A-7D-|ftjt/i£iSi:>-;&ci\*§^ x pSf 5v 

IZ*ft H 3 1 5 a. I. - v a >I3 «fc 0 £ 

aiL/c(DTC:<D$tft&04 0&#J^LTStWr4o 
04 0#J8 

04 Ott. I ni.nGai.ii Nfr^fca 5l0)^x^g 
&I n...«Ga.iiN/Ty7ilTi£/v.fcMQWfliigJSi£ 



ISSiSMtf(??14©v5aU-v3>fem*x A 1 G a N 
*7fKI©A 1 i§Ja&£<t£-t*T^Lfct,©Tfc'K 
KJI(DAlt§fiSltA<0. 0 5©*§£, fiP* N Al 
Gain Nj|ftjBlt£4teCli, U 
-*S/j&*<ig]!>aU*l;£9, 2 0k A/cm' ©813, 
tS©3£M©¥#feL± A< 'J - * 1 5 3 1 tfi»fr Z> o 

[0052] c©««cu-^fsa5(* N is—v&mcm* 

[0 0 5 3] +> z>y KJf fcUTAlfflfi£tt*<0. 0 5© 
A 1 M.Ga.11 NJIS:ffll\fcig^|3(i, JittJf £©£ 

wmomit soomevtfco. et3fe©«*4?.Tii+ 

»*cSlT-fcS*^ h^*T KSU3fcl\TI*3©«l3:>r 

* KJI©A 1t§fiRtt&*£ < LfcA1.nGaoi.NS 

[0 0 5 4] *-/T-7a-e>Stt 

£BLfc©-vrd©*ffiS:E4 1 €:#S8UTttWr4o 
04 1#8B 

@4 1(i % A 1 ii Gai.iN*7»KI«|l»fcSS 

U-S>3>£HI£. ^S^&^ftc*-»tT^Lfet,©1? 
fcO, EJfr€»t¥3£frfc,fc-5l3. 3H?ig^A<±#1-5t® 
H36tS«ET^ - A - y a - tfigtaT % z t *<»fr i 0 
[0 0 5 5] ^L7T. ni&am+TH*. X-/\-ya- 

#it4c:tir«c»). 3©jgTigg©±#ir«fcoT£ir* 
-rt-ya-'mtei}<igjja-fzti*ommiai3<±K. b- 
v ra^-r * t. © t # x. e> o 

[0 0 5 6] — # N flT©^--n-7a-$:J»±r-5fc 
tolZ. pSA 1 i. is Gam N/IaEuli A 1 • G a 

• ii NS^©*-/t-7D-|»±JlS:ig^fcig^ x Z0> 
Al ..nGai.ii N^^t\|iA 1 in Gaui N^ltp 

mstn-i Ks«toe»f*/)<ffictx©T, u-- »f«is4!#5 

fiJ L TiE?L©)±X«c:Hr S / 1 U 7 1 «e 5 Jb«fe S 0 
[0 0 5 7] jfcfc. ±ifi©03 2l3^r«lC. 7--fh7 
-f K^ib^«9^S|f**ffltxfc^©MQW^#U— if 
IdiJUT. MQW>SltS8 3 6 tpSGaN3t#-( KJi 
8 3 8t©raic:, ^««*g©*t3&cpSA1..i.Ga 
...i N 7 a -|»jU1 8 3 7 SKI*fc«£fc(i. 
rtSPa^©tgitti$:l*sr4t«t*-iH3«t-i.«teW 

ifcx ®^fa*©SI-ieHrsiifiiPS^i:oTt,ffi 
I*fl£EA<±#-r*tt^^r«gS/^<fe2)©T?, d©*«£0 
4 2^#i LTUi^rSo 
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[00 5 8] 04 2 (a) #Sg 

04 2 (a) litt*©&»:i|iN£#U-- tf©/t>K*-r 
Vy^ATfcO> 0A^W6A^«fc-5t N pSAIiu 
GaouN*-/t-7D-|»ih®8 3 7©J§tfc|?jMB!!»<* 
tUfciiu pSG a N3t*V Kg 8 3 8 iKD^Z^fSLt 

rt> K«Bt»M!7?^reffEPttJii§©filiim^on> k«b 
8 4 4t0fflOiW-i)!i<*§<&^ Lfctf^ 
Tv MQW>g1±g8 3 6^©*-;KD^A©/iii>CDEPiO 

[00591 042 (b) #J$ 
04 2 (b)li, pSAl,.,.Gau.Nt-A-7D 
-R*Jtl8 3 7©ifi^(3*J(*5fl6eT^Ma)/t> K^-f 
■^^A&«5tflt>i;:^-r0-i?fc>K 0l3^f«fcoirv M 
QW>gttl83 6tpSAl,. 1 ,Ga..i l N3)-r-n-7 
□ -&5J1JI8 3 7 fc©#M5 % pfiAlmGa 
.ii N^--/?-7a-B*JhJg8 3 7tpSGaNM-f 
Kg 8 3 8 i:(Dl^®(Cft^W^<DSI|3jeaUTy' -j =f- 
8 4 5, 8 4 6A<^^*i x Cffl/vf8 4 5 ) 846 

- jKDa Aic^r 5 ntiLmm. t <* o . * - jkd&a 

[00 6 0] Jt, C©:*-A-7D-£lfo:^-f Sffe© 
gHfcLTIi. pS*7V VMOttt&tAtfm^Zt.^ S. 
I/. PS^7V Kaic:^l*5*«Jt^/)<St»Cfcft^ 
tf&.tu 3ftt>©gBI*:fcBtt&fc©7!liJ&:l\fc#K C 

ti e. £ afc e -r * z 1 13 «t o r ^ - y t - -? a - % © ?- -5 

[00 6 1 ] LfrU JEttTrJi+^fctSJiSSfc^-ra 
L-T(*. pS?5«y Kjnz*rrt K-tf>y/><*tU<, 

&«MT5fctolCA1ffl/dm;©*£fepM<>5v KH& 

[0 0 6 2] #«3fc»*CHLT* % y>K-^ 

©£ST-t,#SS3fc»f&*><1 ns (^-y«>) fUgfcefcfe** 
*4J:$*I<. p£!K-e>^Il3MoTttO. InsU 

J, 

[0 0 6 3] EP*i N t-fh5-f K*fc£«0*g{*©|£|| 
£B±©1*S*fc LTIi, ma.&g.tflE1t:izi%i\ziil3<m 

tzmTZZtliWtiZHTti*). JMB***ft<1 
[0 0 6 4] pM^tt«5©K-t>^»3J:oT, 
*S<0. 1ns (=1 00 ps) SAfcfttK #S85fc1£ 



[0 0 6 5] C©£J&. Mg$ K-^LTt^-^igjK 

^«to, pm\>--e>>fizm&ih&<»igrF*>, tan, 

[0 0 6 6] CHftttAKHlTfi* 10"cm-' 
!8fi£SSSffiii¥^(D^1 0 07j{STfc*A<. 3<D« 

tofctetfcffi££<£ii£T.s<&g(ifco©-c, crosses 

[0 0 6 7] ^-f K^-f KJ&**(*U— «f©SSl£ 

/It L-Tii^ffll>£*iTl\S InGaNIi, ±18©^- -C 

h?-f Km^**#K#tsr*i&ttW4#»©ffiii;:. 

ft3fc*tt4fc£<Sfc£tfcB£*L-TU£ 0 01%. InG 
aNIil nNtGaNi:©>SST-fc*/j^ InN(Dg» 
9eVT*5fl)i:HLTGaN(3)gHSgli 
3 . 4 e V < gfc 0 x $ fc x eatfjtiUE 

fcl nN6<6 0 0'Cj&erc-;fc£<Dl;:ttLT\ GaNftM 
0 0 O'Ciaati: At < S«:oT^^*o 
[0068] 3n60itW.HT, ^(DlnGaNiB. 

«EA<AS<.£Lo N InfflfiEttA<0. 2 J-XTt'J<*utS 
«»IfctxTt. InlgfiEttcOJSttJirflit^tt^HILTU 

[0 0 6 9] C©^* x lnt§fi£ttft<0. 1 5SS©I 
n GaN®lc;*Jl\T x 2 0 0 Atmgfi©^^ D3&:tSl*T 
h^S**yi*>7. (PL) ^^^K^©img«g 

<x ftl^Sl?t.1 50meVC*5, 

[0070] ee*©raffitaffim^s«ji© 

^©¥H*S/)<I nGaN>g||T:l;ti£l;;'J»£ <«c0. C© 
«ft/> l s e<Sjglc:^»U-ct.^fits©^ft;(i5Si:feui: 

e£*©«^tl*^<SJ&:S1iB©^e'?:fe4o 
[007 1 ] Ctl^>©I nGaNl3i3lt-5^SJ»i. *"7 

«Sttti:LTffltx*S«©?i3Slc:tt#-ttr. */c x 
MOVPES (i«ff^^Jg«*afi£«ai) x fffMOV 
PE^ ScUli. MBES <#^t&xe**$/-WI.J&g 
^©fiE«7j>il3t,«c#-ttr> A^SStCv(± 

A^s^©*ssffiiti3t,flc?*-ttriciauKr-5 t©Tfc 

[0 0 7 2] C©«Hr. CE3fe©I nGaN«:}S1±gi:r 
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*JS***«#U— W&KVJX-h' (LED) Kfc 
H$SA<iIto6*lTfc0x L E D7:(iHK5l3C©:££&<l 

[0 0 7 3] Ja»***#U-1fC»t»Tt. ± 

li&ii5ft§¥ffi#M&/><ftfro/i:fc4&x HKI(DS;A«^«f* 

*i-tf£.kT:^zo>fr[mfrt>-r^ slo, z©tsftt§/£ 

*.Tifc<&*\ Lfcft<^>Tx U— tfSMgK&SftfeliSB 

*<ir©Sjg©t©T*o> io v c:©t$ftsg©*£ii£ 

[0074] ?CT\ Sig v Siftg^ 

#U-1f©>£1±®i:ft.l> I nGaNjggtoUTs 1 # 
mi:Ud»'Jv;*;K<j/ hA-5*.y-b>>x (P 

L) miZ&ftoZLtlZi;*)^ I nGaN;ggtp©fflji£:^ 
^-©ifjgfc^gffjKlffffi-r^&fcllSe Lfeo 

[0 0 7 5] ^©IgftffMIIi&fToklSlixx InGaNM 
QW (f-fig^#F) vmm<D it6^ N 

4 3ZUf04 4£#HlL,Tittl«r*o ftfcx £©«££ 

[00 7 6] 04 3 (a) 0m 
04 3 (a) li. ls--tf£SLfefr9&X?l;:j3lvr* 
1 00 0 0/zm 1 ©^rt-CPLX-H^ h^£2/zmfc 

t-^*gtPL3l6^©ffil5&^rtOT^»?. 3 9 
6nm(*?3. 1 3 1 e V) 1 6nm (=2. 9 

80e V) ©©BlCsScT, PLfcT-^ifc^ P L#$£ 
&tt,lZ±^<^L. P Ltf-^»^»^©Hli1 5 
1 me V N Ep£ x #j1 5 Ome Virfcofco 

[0077] miz. ^tmmm^m^-vtLxmi^ 

*lTU£ I nG a A sJk<Dfe&miZ-2lsi:m&<D¥im>k 
fr?rzt$m. PLt-^iftg»?|;tf5meVggO» 
BP^x InGaN>g®©1/3 0*ig©#:frl,JM$ 

ftUC:i:J!><#fr.& 0 

10078] d©I nGaN3i*«ttU— iflZfcuT 
lix *5t3Lh©Hd&fr6 Ltt\ffi©iJ£^Ju/)<*S6<j(r 
«u_tx c:©«ft>^te/i©|8j$^i9-(D*££liu--»f 

a«(oi¥(afi^6tt x p l e-*iam#*&a<i 5 0mev«. 

±©*S€f C I* U — tf $8|£ t ft l» t U &*tT l» 

[OO79J043 (b) 0m 



04 3 (b) lix U-tf8JBUfc*?££UT« 1 0 0 

0 0/zm' ©f8#rtTP L*-<£ h*£2/£mfc&£2 

5 0 0^1^©, *XI£AG:£I**PL£-* 
&fifcPL3£3£&©*aH&;jvr tOi-Ctb*). 
ift^=HJ®ffl(i4 0 0nm (=3. 100eV) > H4' 

1 2 nm ( = 3. 0 0 9 e V) ©^HKig^Tx 9 1 m 
eV N iP^ N #>9 Ome VTfcD, P L3fc5&S# 

[0080] 044 (a) #B8 

04 4 (a)li, ±lc©t*ftPLtf-*a&JI#*£*rr 

5 I n G a NJMMKtb— <f©S35-$teaj;ht$1£ ( I - 
L^tt) ^^-TH-efeO, 4 14. 3 nmO&ftKfclx 
Tx ^ig/t;U^S6S/)^^dti.fc6^ ttSftftit:*?-*!;: 
0*iTWSSlC+>^/><^*iTt^2.o ftfcx PLifcgfcU 
— tfftSM i: l±5t WClSgTISft * t ©T to & . 

[008 1 ] 044 (b) 0m 

044 (b) lix 044 (a) tibl nGaNMI 
fcU-tfldx l#liflNttt*AJ n a>1 . 1fg> 1. 2 
<Sx sdUMix 1 . 3fg©g&&35Ufc*S^©ISlgil$g£ 
Stt©Tv fl)"S*^<ft-5l3Ufc*<^T^^JiA< 
ieCoTfcD. ^©^»^«6<04 4 (a) 
I - Lf#i4l;^lt-5.*>^©J^HtftoTl^c:i:J!i<» 

[0 0 8 2]Sfcfex I n6aNS*i(tl/- PCgUT 
lix «MfA^ififiTfeot^ s£iWi> 

fc©fc%;L6*iTUfco EPtix t&fcldfcltTlix 

««*<e^j*si3ieH-r*i:#x.&tir*jo ((Ogfte, 

(fx Japanese Journal of App 
lied Physics, vol. 35, 1996, 
P. 2 1 7 0m) x mmiZ. InGaNitCif 
t~tf&&T ZZii1)<&& (i&gft&lix Applied 
Physics Letters, vol. 70,1 
9 9 7, p. 9 8 1#JSB) £*iTL..&„ 
[0083] LA^Lx *SSt«*©flf5?©*S£lx ±iE©*$ 

tzv%&mpnzi}itzmm^t$j-mz&m-r& plz-o 

4tlQt©T, xI©*tS&04 5 L-csiiirr 
5o 

[0084] 045#JS 

04 5©»y^7(ix 04 3 (b) [ZTT^fzM^mz 
felt* P L^-^jfrflrot* hy^ixTfc Ox -^x «f 
*V*gy-7 7(*0 3 4 IC^ Ufc«fc ^ U -1f«« L 

fc^^i — -tfic:ouT3feJe)^z:J:**iSX--x>> h^© 
3££#*ifcjjvL-fc*,©-Ux J55#^fita-&t>-lt*i:x 

iciat^-a^ffttix coctA^, £->&g$e«iiP l 
tf-'J'^S-^x BPtx >Si±Srt©«ifi)c^i53-/)^H-e 

[0 0 8 5] *LTx d©«ft$.;A^56ffilix L^Ufi 
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ft&&gJ.i&igiQ<*-tt£|*fr»)jb\ I - LfcH±|;:fc!;J- 
VHtlZ^tetfZtzlb. Jt^SfflitSSt LTt I n G 
aN**i»U- tffcfcUTIi, >S1£JI©t§J*#*ifc8) 

[0 0 8 6] *SUE#^©f|S*©fcjil v U- 

IfftSUDfefeCli 1 5 0meVl!lTfflPLi;-^j|tS» 
fiP^x I nt§^6Jt(333t\T±0. 0 3(D^IA 

#*J>&9 Ome VttTI^ EP^. I nfiJ5Sttfcfcl>T± 
0. 0 1 SttTli-r^Clt^STfe-SCltA^JWL. 
»JSI3(±5 Ome VWTx «fcO»JSI'(i, 2 0 

m e ViaTK-r-S d fctfM* Uu. 
[0 0 8 7] *e>(c, ±IB©03 1 ( b ) aJSiftJtWI 

U— !fi;:U£*«fi:fl % ^©«fc£{Tl:aft*©j5H^ <£ 

("J 6 2. t d 5 U t ©T?& * o 
[0 0 8 8] Utft'oT, *ft«f* x ^h7-f KM 

[0 0 8 9] 

EM 

( 1 ) *SMBttU t-fh7-f K*ft#«j*3K**fflt^fc 

*-©f»Jf#^T4Jlfitr * >S1£JI 4 t * =7 -y KJf 

2, 6 toraiiit^'f K/I3, SSglJSCt^iSt 

[009 0] CG)«I3. iJt3t£(D^gSlc:S LTSSttJl 4 £ 

%-<d*j?#ji> up*. fi^#F«iiaA^fi£^ti*^i3 

f*«— 0>#pJ| s mffiZtitei.^'&izitm-OTZ&mt 

3 n mifcmvm *Ti±3tEg c&io&& r < 

£ & 3 n m&.±tzT Z> Z £ 0 
[009 1 ] EI2#JS 
0ix.li^ **fcT^-r 0 0 cm"'i:/Jv£(,\Jg^|~ 

fcJu Kf'M g. #**fcr^-r □^€;±|o]- 3 7:u--if 
*!SfeBliSt-*L*(,xllSa5ffi^Jatt x J» (1®) 
<J» (21) <J» (31) <J„ (41) <J 
" (5J1) fcfc»K *iJ{§JI©|gJI^/)<^ Cig^ JSttJl 

4 £#-©*«J{#/n?fl|jj£ Lfc;frjb< L£ t\(gS35ffifi J,. 



[0 0 9 2] 5SttJ14t^5.y K®2, 6 % gp 

*>. mmmii<D®iz. van kji3, 5. ep*. sch 

(Separate Confinement Het 
erostructure) MZ&lfZ ZtiZ ioT, 

*-/^-7D-t,'j>&<< t »j > ^/)<(fi)±r-5o 

[0 0 9 3] (2) 3=fc x *««3(i. -)-<< KJRft 
&4gJHKtftjgiifei|'9{tU — tficfcur. >£tfcJI4& 
^<**><3 nmtt±©#-©fir,§@Tfl!/i)cr-5t^x >S 
tUI 4 * 7" > K - 7m £ U fe Z £ £ £ T Z „ 

[0 0 9 4] C ©«[;:, imM4^T>h--ymtTi 

[0 0 9 5] (3) ±12 (2) Cfti* 

T. T>V-7mO)*tttom&1)K 1 . Ox 1 0" cm 
*5ST-fe 4 C t $:4$g|[ t r i o 

[009 6] 7>b--7m<Di&S. ^qJSWld^ttfeft^ 

fitUli, 1. Ox 1 0"cm 'ffcjSTfctUf&lx,, 
[0 0 9 7] (4) *fc N ±SB (1 ) 

(2) ICfcLVT, fiMSO^*6<6 nm«±T*5:t 

[0098] Ju = Nu • d • e/r, Ti*i&e.tv5 U 

^i3±#r*A^ nmzit. mmmomzat&imzft-? 

[0 0 9 9] (5) Sfc, ±|B ( 1 ) 71S 

(4) ©t\-r*vAMCfclxT, fiJf#®©Jp*^ 3 0 nmiy. 

[0 10 0] C©«I3, f"Jf#M©^*©iSttJ(C^oT^E 
- KfiJffG. ItmtiaTZtf, Uttx(Sfij-35ffiSJuliJ 
«=N» • d • e/T. I'flc^r 5©7?. >±A**lfcm 
i«€:*ja)lc:>Sffl-l:$2>f"MJi©g*©±PBIi3 OnmT? 
feOx f<Jff^©Jf*IS:3~3 0 nml;iiS:S-r;m;f&U„ 

[0101] (6) ^fc, **B^(* N ±|B (5) lz&l\ 
T, ?<J»^©/9*$1 0 nm^mz^TzZt^mtT 

[0102] ±jE©fiiic v mmma>m^<oi$tuaizj:i u 

*t\(Bm;ii5f& i ej„©JSJ)0t\ Lttt\<S-7j:^5^(5iE 
f "©«T<* h U - K^-7©B8»l3fc2)©T. *JffJi© 
Jl*dli3 0 nmfelTT&Utf. <fcO»ai;tt. 1 On 
m^m. W*>. 3nm^d<1 0 n m&mz iZiS&T 2> 
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[0 10 3] (7) ±ffi (1 ) 75M 

(6) OtxrtHb^JJ^T. HffJf^Atf'f KJ13, 5 

[0 10 4] ceil:, «NMfl!>Htti;:'fir7Ji&iftH- 

SCfcCfcfK KJI3, 5(D/t> Kffiitfctt&BS 

CfctfTtx ** l J70>£Att*£ftto*fe46l;:l*« t\ 
•J 7/§<D^^*@€:^**'<' K/1 3 , 5 ©gf&ISMS «fc 0 'J* 

[0 10 5] (8) sMgSBIi. h5-< Kifcft 

2 mowmm stts #F«j§T?«SfiE-r 
[0 10 6] v— tf(D+vtr^-f (L&itttfyft) 

t> £ «t •> < I" 5 d £ 6< T? £ 4 o 
[0 10 7] (9) ifc, *--r S^-r K*<t 

■&«3^^<*:&fflCxfe^^f*:| 1f£*UT, >££J§ 4 £ 

1 JI©l¥£ 6< 6 n m«i© 2 € £ fcli 3 JKD*!|{# 

[0 108] WV. E2#SB 
mi.lt. ^tf-f a*jb<2 0 0 cm't*t<^t 

J» (2J1) <J» (3JI) =Ju (1J1) <Ju (4 

• m) <Ju (5jf ) 

SSffig J -r S C 1 6<T t * o 

[0 10 9] (1 0) £fc N ±13 (8) *fc 

It (9) CfcUT* fJffJlS7'>K-7 p ii-p«fi)Et-5^ 

traits. 

[01 10] ^s*^#^«iig)Si±e^fflt^ 

[0111] (11) *SS«il** ±13 ( 1 ) 75S 

(1 0) CDU-rjiaMrfcUT, #'Jf#JI46< N Al.Ga 
, In.-, N (fit. 0^x<1, 0<y^1)-Cfl| 

[0 1 12] d<D«fc. J62A«¥*{tU-->f*fltJ&r* 
#iJt#Mi:LTI*. GaN. InQaN, A1GaN,$ 
t\|±, Al InGaNW^I>7-fhmtM5 
<** 01^, Al.Ga, I n i-i-, N (fflU 0£x< 

1 , 0<y^1 ) *<»5ST?fe*o 



[0113] (12) *%®lt. ±4 h^-f Kffft-ftHl 
[0 114) Z0>mz. *JB7fc5&g#tf©g*GtS«:>£ 

tt®©**&ij;»)ps^7v vmmzrz-rztiz*. 
g j » £ ess -r 5 3 fc A<7: 5 o 

[0 115] (1 3) £fc. *56WI* N .±IB (1 2) C 

©P«79 KJMfr&flM »B©*^#Rfl!>tt« le- 
ft UT tx £ c i: £t$S* fc-f -5 o 
[0 116] t-f^-f KftltettiMMtfcJBlifeMQ 

[0117] (14) £ fc. *$PJ3te x ±12 ( 1 2 ) $ 
/hi* (1 3) iCfcUT. JStt^tn^^^'y KJiXVp 

[01 18]^h5-f H^fls^J^ftl-fctxTIi© 

< r * ^ 1 1 <t ^-zmM^mm^mt pmz&th-rz> 0 

[0 119] (1 5) ±te (1 2) 75 

1(14) ©t^*t*M3fctxT. )!§1t®tnS^7y K 

[0 1 2 0] znmteytiH K*J6©*ikflWfe«:3t#-f 
TtJBfi£r -Set pfliJ3t*"-r K@©e^fen«|| 

^t*w vm<Dmm£*)m<TzztizJ:v-ct,mftm& 

^^lip^Wl^fiir-So 
[012 1] (1 6) *^(i N ±|e (1 2) 75 

M (1 5) ©tvr^6M3*JUT, ng^vKi©^ 
w«&pS^7V KJl©^^<@«k»)^f <-T5C:i:€: 

[0 12 2] ZOimiZ, nS^-yKgffi^^Sp 

»«3t^ye^«:p«Ml^ttr-5.Cli:^-t:$So 
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[0123] d 7) $£ v *mwiu immtLTg. 
-m^^mm^m^itrnz. j&&m£pmxn<< k 

hrortis nisigti otsig-r* c: t s«S3tfcr* 0 

[0 12 4] e^O^-Vt-^D-B&JhflDfetolZx 

n<aU§<D«£,?F«s£*t < f £ Z. fcE J: oT-f tifcfcHS 

StJStt/KD+uMiiS t 4 z t tf-c # 5 o 

[0 12 5] (1 8) *$StJI§ttU ±13 (1 7) (3 

fcUT, nffilltf'j>&< fcinflM'T KflT&*K C 

[0 1 2 6] ZOimz, n«3fc#.f p 
»«ft^#^£pfl«l;:fM»*-*::fcA<T:t, ^tt(;«fc 

[0 12 7] (1 9) *fc' % ±13 (1 7) £ 

fcli (1 8) IdfcUT. n«@*«iJ>&< ££nM3fe#<f 

fBwmm* k> m < r & c: t &#st 1 1 z> „ 

[0 1 2 8] ZOtttCx nfil7t**-f KJB<Z>JSg& pfll3t 

[0 12 9] (2 0) **^(±, ±ffi (1 7) 71 

1(1 9) ©t>r*lAMwJ3t\T. nfl!»I*)<'J>k<i:fcn 

[0 1 3 0] nB*7V KJl0>fttt«4B« p 

t»s Sc«it^»^$:pfl!iic:^i*r4c:t)!)<-e&. «i 

K J: ^ T»«itaLe^(Dfi*fitS fcSttJla^ibttB 

«3fctf * K««>*tti;HI6 p«3t*V KJla>*a«M J: 
0*t< LTfc&nU AuMu KJl4>J|Jt«* 

[013 1] (2 1 ) *fc x *«H8li x ±13 (1 2) 7i 
m (2 0) ©urjlfrfcfeUT. fi^#pffiji<DJ£1£JI 

All Ga r In N «! 
U 0gx<1, 0<y^1) TM8)$<*;h.*;rfc£*$St 

[0 13 2] Z<Z>«fc N — ■ WZ&lfZS. 



N v InGaN, A 1 G a N N ij£t\|i s A 1 I n G a N 
1$<Di-4 Vz>4 K^fb^«9*^{*. HPS, Al, Ga, 
In.-,-, N (§U 0Sx<-1, 0 < y £ 1 ) tfjffjS 

[0 13 3] (2 2) h^-f KJMbttfe 

A<I nGaN^l\|*GaNroi^;h.a^£>fc'K 
P«Bfe#«r K/KD^tt^Sgjgtf 1 x 1 0"cm-**»-e 

[0134] ^<D«I3, =F*4«aiitJS/>< 1 x 1 0" c m" 
*jg©I nGaNi£t\|iGaN^e,«:i,p(W3t*'-1' KJg 

[0 13 5] (2 3) ±13 (2 2) li 

am. 

[0 13 6] 3<D«&®^«5il^/ili, 7> K-7VI 

[0 13 7] (2 4) St. *^li x ±g3 <2 2) * 
fc(± (2 3) KfcUT. p<a|#2)V KBir33t±**-iU 
©»Ifte/)^ 2 cm' /V • sJil±Trfc*;:i;fct$Stfc 

n. 

[0 1 3 8] d©«*tffi^Jifi«3igg@i;fclt-5*-;KD 
^lifcC^T. U— tr*^al^ic:«:Si:#^e,*vS2 

[0 13 9] (2 5) ^fc. *^(*. ^--f h^-f Kft 
-f KSO^JP^ nflH3t*V VmO)Mm&*)n< LTzZt. 

[0 14 0] d<D«li, pfi«|3t*'-f KJiro^JP^nfiW 

[0141] (26) ^--f h7-f K* 

-fKJl©®e*<0. 1 Atm*jS-Cfc4Ci:$:^iU(fr 

[0 14 2] C1<D«IC pflW**'-* KS©S®ftO. 1 
Atm*>Sl3. «fc<5»5Sl3li. 0. 0 8 Mm (8 0nm) 

[0 14 3] (2 7) ±13 (2 5) * 

fcl* (2 6) KfcUT. piftl^*V K^©^*I^ti^n 



(H) 
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to 1 4 4] zornz, pm*ii4 pm<»mm&m*:n 

[0 14 5] (2 8) *fU9J(i, +<< m 

[0146] ^^♦i^m^icBiftgrsgji 

»TiJv* <. flo, pg^7y KJRCftttr 

^0>*-M-:?o-&RfSlt-r*C:fcA<T£. 
[0 14 7] (2 9) ±|B (2 8) IZ 

[0 1 4 8] ±12 (2 8) ©SlfcpfiH3fc73-r KJBIdfcl* 

gft7rfc^Tfe&<, 2a. iEtx(i, 2mtx±<D&mm 

[0 14 9] (3 0) *mWlt, ±12 (2 8) C 

[0 15 0] i£ x ±12 (2 8) <D«&pffi*t7j--r KJf 

[0151] (31) *$&l«(i x h^-< 

•f KS<0^^*S/)^>Si±)ll3|«S-r*iWA^ pS* 5 y 

[0152] ccottic, mm&mi><fmMizm&-r zm 

tt©PiWM-{ KS&fflu5;ti;j;,T v *-;u©>± 
AfcffSfc&Sx*;!,*-;*/^ £ 1*%±TZ, Z £ A<& 

•7 □ - &B6jt-f a c: t A<T- $ & „ 

[0 15 3] (3 2) ±S2 (2 8) 71 

S (3 1 ) ©urftfrfcfcUT. p<W3t**-f KJI£«j£ 
-r*£SJ4?iM@©'Jv*«JlJ!)<I nGaNi|£uttGaNfr£ 

[0 1 5 4] Z(omtZ. m+OX-Jt-zra-ZUhmto 
iZttltT&rztblZlt, GaN/AlGaNXIilnGa 
N/Al GaN|fH;fclt4AE(/AE, /><;*:£U<Z) 
t> $£8?iM6<D*£j&:JIi LTA 1 G a N SfSfflf 4 3 



[0 15 5] (3 3) *SSBI*, Kftfc«tt 

[0 15 6] (3 4) ±|e (3 3) (3 

©#*i#5 0meVttTTfej;i:4«aitS<, 
[0 15 7] fi»«iMM*l,— ifCfeivc. 

* h 5 *y 9 OmeVttTTfcS 

dfctfi&Slrfc'K «fc»)»jSl3li. 5 0meVttTl;t 

[0 15 8] (3 5)**W< t-fS7-f Kffct* 

ttS©fc(5iffiS€:1 0' cm''l2lTi:-r*££:6ttttfc 

[0 15 9] (3 6) ±12 (3 5) IZ 

fcUT. &i§#Srt©>1it±Jl©*i{iH£g& 1 0* cm'W. 

[0 16 0] e£*©*2}^^f*U— tflc*>lt*^(4BB 
Jgtel 0' cm'£. Bits, 1 0'~1 0"cm 'Tfc 

S3iil3«fc-pTP L \^—$ : &fk0&1p£1£tt't~&Z£.1} < 
ft, *©fctol3(*. #MSfSl*9©>£1±JI©«Ha£££ 1 
0' cm"«Ti:t5CJ:*t ! e>ITfc'), «Slc:l*, 1 
0' cm-'ttT, «tO»®(C(i. 1 0' cm 'ttTirr 

[o 1 6 1 ] bp*>. u -if emvr 

I*. t-fh7-f K^fb-&fe^f*i:©te^S^A<1 3 
%m& £&15tZ*Z t£V7 T -f T fctfJIStS LTffl U 
TUfcfcto. &iS§SF»i©>m/I©*K(£&gl;fc 1 0"cm 

< r$m\Z-*t?[Zir/ U Xittf&toZtlT^rzbK ± 

: Ffi^A<3%t^:«sl3«j«#*i2 > S i CStfi&ffltxSd 
tlc:«tOs Gto^«r1 0* cm 'ftlTC. 'i>«£<t 
t.. 1 0' cm 'S^J-CttlMtSCi:^^, 

[0 16 2] (3 7) ±12 (3 3) 71 

S (36) (Dtxr^AMCfcUT. Jgtt/iA' I nfcfllriiS 

^ 1 1 t ^ t c t % &m 1 1" i o 

[0 16 3] C(D«I3, JSttjifcLTI n&ffi/fcgatfc 
W*^*cl nGaNfefflt»fc*g#lc:t,s ±12 (3 3) 71 



(15) 
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K36) ©^#^3tfcrctt«kT>T. wfe$8*m 

t#l3, Wfe¥3ttU-tf£:UT»3fcfeJltt©&» 
fcJSttJI £® 5 3 t A<T? $ 4 o 
[0 16 4] (3 8) *$8«8li N *<f K*<t^«J 
^tt£fflt>fc¥^f*&3fc£^©©®;i3-&f3fcl\Tv v& 
&m*rj£M£1kZVll<Df£&m&£0. 1 Aim/H$J.*±fc 

[01 65]^h7-f F&{t-§tto*m»lZ&l\Xlt. 

(0. 1 |im/h) CLTfc IfeflteCtt* PL&HS- 
BP*K PLJA5®«K¥M£ft<;fc&<&iK #13, fiE 
fi2Sr, tfO. 0 7 5 Aim/h©J&&l3li, InGa 

[0 16 6] LfctfoT. 0. 1 Atm/hJ.JLt©/£&2 
3 fc(3<fc»K PLt-^ift^S9 0iii 
eVVLTt+ZZtt)<TZZ<D-U. £-«il$M£©8l$«£ 

[0 16 7] (3 9) ±12 (3 8) 13 

[oi 6 8] zomz. f£mm&&±ifz > ztizj:^ 

ifcfl$SiS©8«&ltf£f}l3fcS„ ' 
[0 16 9] (4 0) 3=fc x *$6«!(±, ±12 (3 8) IZ 
*3t*T. JS&3&&0. 3Atm/B#tt±i:L/c:3i:£*$ 

[0 17 0] 3©«|3. l£mm&&0. 3'/£m/*U± 

©tt«6*J:*:£«c I n G a N &fi£«*-tt4*i-&lc:t, PL« 

ji©tsuiMS£i©ig*j!><jg3 &r, «3E& < P L tf-*i* 

g»^©»t^ flfx.tf, 9 Ome VHXTWiZtemZtiLM 
ZitZZtWZ. PL#5&g©*£fei±il1£(D 
&»&)SttJI * * it i Z £ 1)<T- # * „ 
[017 1] (4 1 ) ±12 (3 8) 7b 

1(40) ©U-f*T.AM3i3l*Ts StfifcLTS i CS« 
&ffll*&£#l3 N S i CStgfflai£i v ?>^t5C 

[0 17 2] >£tUI©*£<4S&gx tldc^lS) 

tezm^tztg-sizt,. *o>$m*x.vT><f. #13* k 

HZZtWZZo 

[0 17 3] (4 2) ±12 (3 8) 71 

1(41) ©HftlfrKfcHT. >mJD!»< I n £«?Ji£g 

at t lt^ t? 3 t t r * o 



[0 17 4] ±12 (4 0) l3fcl*Tl&l!llU=«fc?l3, * 
««B©«it7j»l** I n fcffirtgijifc LT£&£ttJI6 

[0 17 5] (4 3) *M)fi« :M K5-f KXMMfc. 

&x 2^<D£t^»|^*g<7)pS^«:/i©P B 1II, t»Ml* 

[0 17 6] 31©«I3 X pB»79 KJlaxMHidKtKM 
w*I©™!£t*iWifcctl3«fcoT. 3©4>IBUSI3a3 

n-^ □ -mmii^mr zmmmz&tv)* z t a<t 

L£Uffi@3S8&gJ,,£®aS-r*3i:A<T!£S. 
[0 17 7] (4 4) **WI± V ±E (4 3) 13 

[0178] zo>&te*i&mi*. MtManntttm&sm-c 

£'J*£<-f£fc«>l3. pMIZ h--7TZZ£Wm£ L 

[0 17 9] (4 5) ±12 (43) 13 

*pP.3JlJb<, 2)l©l£«$4?5Mg©p£!*£{*Jl© 

mo&mat&ST-mM&mtfEL&iztei, «t ? (3&a?s*g 
[0 18 0] zomz, tptsimtt. u^M©»a**a» 

t&*r*M7:«ifiSr5 3i:l3«fcoT. *-^©pflJifc 
#-f KJI^©>iA&;*A-XI3fr5c:fcft<T#So 
[0181] (4 6) ±12 (4 3) 13 

^Sl3«jK^S/g#-ti:fc^Ji48Ji/)^3!t2> 3 

[0 18 2] 3©«(3. tpiaji^, #-J§ffiJ§T:4JSfi*UT 

t^<. 3©lg^l3li. »»*i?NS©/g&r>K-n3 
rS3t«3«fcoT*$S14$:a5cSt. &&tt««g<Z>JIl3£ 
(t4^7t1±||^^fig*«:*#<f-53t)!)<Tr#*o 
[0 18 3] (4 7) ifc. ±12 (4 6) J3 

[0 18 4] 3©8M3v fprail$:«ifiJct- ^£t^«*§© 

a tmimmiom t wsHDmmfmzmtmiz&toz 

■tt«.3i:l3«toT. *-^©p«3fe#'f KS^©»A& 
^ A - X(3iT 5 3 t $ Z o 

[0 18 5] (4 8) ifcfc. ±12 (43) 71 

S (4 7) ©um^l3fct>T. tpP4IJi©rt©»^SI^ 
««©S©'i>3&:< ht-gP£;F> K-> |r ®l3Ufc3i:£ 

[0186] ^©«i3> *mmo>pio>mmm&m®i<j>m 
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O'Ptt < £ fc-gUfcT" > K-r«cr* d £IZ& 
[0 18 7] (4 9) £fc, ±13 (4 3) 7i 

m (4 8) ot^m*M3fct\T, mm^mom^Ai 

N v G a N N Al G aN<Dt\-r*t*v7rffifiS-r* 

[0 18 8] Z0>miZ. &&mi&iS<DM. EP*. pS^ 

aNTrm&rt-Ztt&lZ, &&M&m<Dm* I n G a 
N x GaN, sEuli, A1 GaNOUTti^trffifiEf * 
Z £&&&■? to *.„ 

[0 18 9] (5 0) h^-T K^fb^*) 

[01 90] co«ic s t-fh^-r Miktfhmmmz 

#<«c€.*tU(D-p. /t'J7iffll|4t5nm**i:UT 

[019 1] (5 1 ) ±|B (5 0) IZ 

nfflfiSitA<0. 0 4tX±<DI nGaNl;«koT4fifiR**t 

[0 19 2] ZCDtiKU ^Mfi^#j5>£t4Ji«:«i/«-r-5 

ISJItt©&<tJb<'J>& < I n G a N 

S/t'JTJKDI nfflfitttfcO. o 4tt±IZ*ft <f£:: 
fc/><-C£x Zr*llZJ:iTJVJTm<Dmm(Dn£$:&<-f 

[0 19 3] (5 2) *JMMU -4-4 h7<f K* 

1. Ox 1 0" cm'*mtTZZt$:tt®L£-i-Z> 0 
[0 19 4] (5 3) *&mit. ±12 (5 2) 13 

*H\7\ >S14Jla>pfl!lK:lSI*£xU£ ba>7a«/trm 

*T>F-7mtTZZt£ft®LiiTZo 
[0 19 5] ±12 (5 2) SHWi (5 3) G>mz, >Stt 

/Ia>pfl<ll;:&l*-5xU£ hQ>:7'Q.y£Ji£;FJifc!0rj$gg 

#1. ox 1 o" cm '^mom. &iz, t>k-^/b 



[0 19 6] (5 4) jfcfc, +4 m 

it-&v>*m&*:m^ni*m#u—*riztsi\T. ymmo 

pmziSitfZn: U £ h □ y{/m<D pflftDflfitl;:* 

[0197] zomz, >mmo>pm\zwL[f an,*? k 

□ >7a.y>7Ji(0pfill©fSlSl3fct\T, &8l?fMs£f** 
iZ&it^iti, IP*. attttlcXft*-**, S^l*. pg 

JIfcpiSI/I> EP£, p(8!lJt*"-f KJIs£lWipS*-7<y K 

[0 19 8] (5 5) **M|(*« 7-f K9R 

[0 19 9] CffiiC, >51±JICDp<»llCi8(*£xU>? h 
l3&<t£-ti:S, W*> x S^l3^ft*-tt*. *Htt» PS 
J§ t v&±m £ ofHoW^muti * ic&ft ;<* -tt 5 3 £ 

^tll3«fcoT^®l3fctxT«ttPfStfe4y »y 
[0 2 0 0] (5 6) *fc,*l6lflliv t-f h7-fKiS 

istn, 

[0201] znmiz. ymmoptiuzmfz^is* h 

a>zra>y$monmRVr>m(D&&lz33i\T:, 

mzw*iz&tt.£-ttz, en*. &mmz&it£itz. 5£ 

m*s m&ttiz&itZ-ezztlz&^T. ii/na> 
^□•y^St>SttJlt<Dra. XV. h.o>7D.., 
f ^ t pfld^ £<Df&<J>n=Flmtfi iZ&lbZik Z Z 

ttfT'Z. ztiiz&-?Tm5o>nmizt$i*Tm{mm.£ 
vT<D&±*ww-rzzt.wz-%z>(D-u. 

[0 2 0 2] (5 7)*^li, h7-f KSft§«! 

ISItSxU^ hO>^D.y^Ji<DMgigJg$:7 x 1 0". 
c m ■' U(± £. T 2, Z £ & t r S „ 
[0 2 0 3] ZOmz, >S1±^<Dpffi|l3|$lt-5xU^ h 

□ >7D7^I(DMgl^7x1 0"cm'ftU:fcT 
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[0 2 0 4] ^©SSlij&rLtW&ftNTIi&tx/)^ X 

(impurity conduction. sEutt . 
hopping conduction) h 

[0 2 0 5] (5 8) *&m*. +4 h5>-f 

6 0 0"C— 9 0 O'CLLfzZ Z 0 
[0 2 0 6] (5 9) *HfBI*v ±13 (5 8) Id 

fiEJISg 1 tlZ Ufc 3 £: &*$S* £T * o 

[0 2 0 7] C<D«Hd x XU£ hD>7Dv*IrofiJl 
iS6$> ^©j&gsS^Trfc* 1 1 0 0'CSS^J:*)© 
l\. >S1±^©fiKgiggtpl«|0 6 O0°C~9 oo-ct-r 
5Ctl3«t^T. >£13JI 13 I* £ 

[0 208] (6 0) *$|S!l§(i. ±12 (5 8) £ 

fcli (5 9) IdfcHT. hD>7a«^I©Mg 
itJg*><7 x 1 0"cm- , tt±J3«;SJ;-5lCMg4 K-'T 

[0 2 0 9] C©«I3. >SttJg©p«tigit S j:u^ h 
D>yD«//7^£DMgi8e/)t7x 1 0"cm-'ftltft 
*«fc-?f;:Mg£: K-^-ridtlCfc^T, %9t^^.^ h 
^©SFffi*^. y7 7 0D:t-/{-:7D-£$*iSA«)l3ilp 

[0 2 10] 

[f^8©^fiS<DJKfil] E3 7JM0 5£#j«BU 

tu<s@i£&£ j »*w&iii£z*.%mo>Wi 1 »v^2 

©S& 1 ©^*6©J£fg©JI&^i»i^«;L — tf©ftf*tfrtl!ijR 
$:lft^r4fJlC x S3€:#S8UT*^©^1 ©HJg© 

jg/sic: a it z u t uisns&ffijg j u©>m^©Jiii«c^ 

[0 2 1 1 ] El3#^ 

&m(D($mizm£ 0 . 1 >nm©G a N3fc**-f KJB&K 
I*. ^©SSSfilliA 1 mi GauiN >7»; K®£KI*fc 
*§£© t £ t»(gfiijgffig J u©>£ttJI©JIj?fl<?*1<fe©St 
SfeS4^tt©Tfe!), e j F©*-/t--7D-ft<*:t\ 
«^©a«6*>«c^©tr»e*-Cfc* o 
[0 2 1 2] E^^^e.^Jc-plc, >S1±^©©*/)<3 

r/></h£ <w©Ts utuit^i^s^tftE' M a<± 



[0 2 1 3] Hftf6nmtt±T:li, J» = N„ 

• d • e/r. ©M&fr£. LtujgSSSteg Juttl 

&Tif)K mmzit. z.otmm-eitm*<Dx-j\-7 

«3F-e*z:i:T:L£iMg7x^*2£fiiE f uSWS^t 
/><Tt. ?-W:J:-3T, ^©tf-zt-^rj-fcteiisr 

s c t a<t s * fc«> u # t \mm)&8& j uiiessr 5 © 

T. 3 0nmUT*TI±axei35«:*Jailc:)Sfflrszi: 

j®7r£>i> 0 
[02 14] E4#R8 

0 4 lt*^w©^ 1 <o$m<Dmmo>*m 

<*U-if©«JgXg$:fiS*l3|»Wr4*^ (0 0 

0 1)®. gpfc. cI&±fflmASS(D6H-Si 
Cfr6&£n£!S i CStS1 1 ±13. TMGa ( MJ * 
* Arty 9/0 . TMA1 ( b'J^^J^T)U5.-tf 
A) . T^=E-T. JkU. *+'JT1SXtLT:<Djkf&£ 
titMiiXt UTffl^fcMOVP E^l3«toT. Ji&gEEA 
£7 0—7 6 0 To r r . mz.lt. lOOTorrt 
U fikKfi&£8 0 0 — 1 2 00°C. 0Jx.fi. 9 5 0*C 
iLtttST, I*50~300nm, 0«x.li. 100 
nm©Al GaN/<»;77@l 2£/£ft;*-ti£ 0 

[0 2 1 5] 3l£*$OT. TMGa. T>=E-T. Jk 
V. ^VJTtiXZm^T. i5ESff*fe7 0~7 60T 
o r r . 1 OOTorrtU 8 0 

0-12 0 O'C. ^Jx«. 9 2 O'Ci: LfcttffiT. 
0. 1-2. 0//m. tfixlf. 0. 5Atm©GaN(|)ra 
J11 3€rfi£^*-ttS„ 

[0 2 16] 3I£*^U-C. TMA1 . TMGa. 7>^E 
=7. K-/t>hfcl/C, S i H,. Xtf. *\>*)T1i 
Tst UT©*SK$:fflt\r. fiE^BE*&7 0 — 7 6 0To 
r r . 0S^|f . lOOTorrtU fiESiSS* 8 0 0 
-1 2 0 0°C. Wz.lt. 9 5 0°Ct LfcttfS-e. 
0. 1—2. 0/zm. ^jxlf. O. 5MmT. ^Ittjjg 
JgftM . 0x10"~1. 0X1 0"cm'\ m«U 
1.0x1 0"cm'©nSA 1 . , t G a cm N ^ 5 v 
KS1 4^fi£ft*-li4o 

[0 2 17] ?|#^t»T. TMGa. 7>tz7, R 
V. =f*'J7*'^i:LT©7k^«:fflt\T. ^SBE*^7 
0-7 6 0 T o r r . mif. lOOtorrtUrt 
SiS££8 0 0 — 1 2 0 0°C. 9 3 0*Ci:l,fc 

ttST, f#10~30 0nm, ^Jx.(f. 100nm© 
T> K-^G a N^*--< K/1 1 5 «:^*-«tSo 

[0 2 18] 3I#*£UT. TEGa (hyif*#g-> 
A) . TMI n (h'J/fMVy^A) . T>^E~ 
7. XI/. UT*-Xfc UT©S3g€:fflt>T. fifcgff 
^j€:7 0~ 7 6 0To r r. 0jx.»f. lOOTorrt 
U. fik£igj£&5 5 0~9 0 0*C. mx.lt. 7 0 0 Q Ct 
IfcttlSt, Jp* 1 ~ 1 o nm. mi.lt. 5nm©T> 
K-n n . m G a . h N / 1 'J 7ST?«^$ n * 3 
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— 3 0nm, Wxlf, 8nm(D7>K-7l nuiGa 
•.t.N#pJffre»fc*SQW)SttJ§1 6&^^i 0 
[0 2 1 9] .3l*ticUT« TMGa, 7>tZ7» tTT. 

XfcUT0gI«;fflUT, fitfE**7 0~7 6 OTo 
r r , , lOOTorrtU 8 0 0 

~1 2 0 0°C, 9 3 0'ChtfcttfST, J?£1 

0~3 0 0nm, 1 0 0 nmT, ^WfaiSilktf 

1. 0x10"~1. 0x10"cm\ mz.lt. 5. 
Ox 1 O'^m-'OpIGaN^'-f Kg 1 7&j&g«Sr 

[0 2 2 0] SI^&UT, TMA1, TMGa. T>=E 
-T. tT^^^O^O^^x-^-^y^^^A. &.LF, 

7 6 0 T o r r , mz.lt. lOOTorrkU fi&^jg 
Jg&8 0 0— 1 2 0 0'C, fjxtf, 9 5 O'CfcLfcttfS 
Tr, J?£0. 1—2. 0/zm, 09;lli, 0. 5Mmr, 

1 . 0X10"~1. 0x10"cm\ 
mx.lt. 5. 0x10"cm' , OpfiAUiiGani 
N*7-?Kg1 8 6/&H;*-tt.& 0 
[0 2 2 1 ] ?|ggl»T v TMGa, T^-T. fcf* 

^tl/T0lfifflt>T, j£SE;*j£7 0 — 7 6 OTo 
r r , mx.lt. 1 OOTorrtl, J5&S£g& 8 0 0 
-1 2 0 0°C, mx.lt. 9 3 O'CfcUfcttfST:, ®£ 

0. 1—2. OfjLm.mX.li. 0. 5/zmT, ^$61fcig 
£6<1. 0x10"~1. Ox 1 0"cm\ 0ix.lt. 

1. 0x10"cm"'OpIGaNJ>i'i'hI1 96 

[0 2 2 2] fcivc, nIS i CS«1 1 <D«®lc:i±n 
fifltf&fc LTmZ 1 0 0 nm(ON i gffi 2 0 
«13, pg?GaN3>** h®1 9±l3lipfljftetL 
T^* 1 0 Onm, ♦sWtfl O/zmON i gffi2 1 fefg 
It, ««il^L/)<7 0 0Aimfc«:l,«fcdl3}g^gi|t- * 

[0223] z<dw\z. ^rnwom-i <Dmi&o>i&mizti 
unt. vt&wismizR LTm&m s q w«jg 
kit* z £iz±^T : &xn$L&mmzmmTi zt^x- 

[0 2 2 4] SJ*> N *mm<Dm£&8 nmknS^ 
^VfcT^-f a^*^Jv#t^^t(i > 4 nm<D#FJl&2 
ai8ttfcMQWffii§«fc»)t., 8 nm<D#j5JI£i6l*fcS 

q wmmoistf u t* uitftas&g j » c t *< 
w>^v h'mmiz&friEi,T Lzi\m&& 



[0 2 2 5] fcfc, ±IB©^1 fflSUSS©^<S0)|{i^l3*j 
OTIi#/5JI, £PMQffJI<DJi;*B:8 nrnTrfc-Stf, 0 
ZlZMLTIttmLfc&olZ. 3nmlUtfe*il^< N 

mmTZtztbiZlt3 OnmttTA^iSTrfeO. «fc9#2l 
1-1*1 0 nm*JS©^ffl*^$ Ut\ c 
[0 2 2 6] ft!;, 0 5&#KBLT*&W<DS52©H«i 

Jfs ±IB(0Sg 1 ©fSJffiOJ&fgfc 138113, (0001 ) 
6i, EPt, c®&£i5i:?-2>A*alG) 6 H - S i Cfrt> 
65nSS i CS«1 1 ±lz. TMGa, TMA1, T 

tLTfflUtMOVPEact^T, J5MUEA6 7 0 — 
7 6 0 T o r r , mx.lt . lOOTorrtl, JfcSig 
^8 0 0-1 2 0 0-0, 9 5 0-CtLfctt® 

T, f*50~3 00nm, WxK, 100nm(DAl 
GaN/W77Ji1 2&fiE:H£-ti*o 
[0 2 2 7] ?|$^UT, TMGa, T>^—T. R 
If. +VU7-*-^^fflt\T, ME*67 0~7 6 0T 
orr.mx.lt. 1 OOTor rtL, fiEfijg6S80 
0~1 2 0 0°C, fllxlf, 9 2 0°CttfcttfST:,fS 
0. 1—2. 0/im, 0. 5//m<DGaN(fB3 

11 3 

[0 2 2 8] 3l£t£UT, TMA 1 , TMGa, T>* 
-T. K-/t>htU, SiH<, RXf. *V>JTH 
ZLLTOHi fcfflUT, ilE*67 0~7 6 OTo 
r r , mx.lt , 1 OOTorrtU J5E:R;Sg£ 8 0 0 
-1 2 0 0°C, , 9 5 O'Ct Ufctt&T:, m£ 

0. 1-2. 0/im, fclxtf, 0. 5/umT-, ^|*«5iR 
£A<1. 0x10"— 1. 0x10 M cm',«illf, 

1. 0x1 0"cm''©ngA1iMGai.iiN^7Sf 
KJS1 4&f£&£-&Z 0 

[0 2 2 9] ?I^|^L»T, TMGa, T>^-T. S. 

0 — 760Tor r, £<jx.(£, 100TorrtU«t 
^Sgfe8 0 0~1 2 0 0°C, Wx.lt. 9 3 0*CtUfc 
«®7r, ip^1 0 — 3 0 0nm, Mz.lt. 1 OOnm© 
7>K-^GaN3t^/if Kg 1 5 £f&m$itZo 

[0 2 3 0] ?|$^t>T, TEGa, TMIn, 
-T. RU. *tU7* - 7i:LTfflgf, fiJMIBE:fcl£7 
0-760Torr, mXlt. 100TorrtU« 
^jSJg&5 5 0-9 0 0'C, milt. 7 0 0'Ci:Ufi:« 
ffilr, W-c£ 1 — 10 n m, 0ix.lt. 5nm©7>K-^ 

1 ninGai .iN/X'J7'/Ii:©£3 — 1 Onm, 0}x 
(S, 8nm(D7>K-7'In l . 11 GauiN#p@SJJ 
KIZ7> K-^I no »G am N#j5)IA<2 Xl±3 

S, ^xlf, 2Jilc:^2,J;dl3fiES<*-tt, MQWJSiiii 

2 2£J&fi£-r-5o 

[023 1 ] 5|^^t%T, St/^1 (7>HJSO«5fSt^« 
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Id. TMG a. 7>=E-7. tT7, v£ □ 

Tx f$L%&.-h$r 7 0~760Torr, 0Jx.HU 1 0 0 
TorrtU fiS«ag&8 0 0-1 2 0 0"C X 0Jx 
1i x 9 3 0°Ct LfcttJST, f#10~300nm,ffi| 
xl* x 1 OOnmT, ^*6*9jgga<1 .0x1 0"~ 
1. OxlO"cm\mif, 5. Ox10"cm' 

[0 2 3 2] 3I£I^UT X TMAK TMGa, 

7 6 0 T o r r , 0jx(f % lOOTorrtU f£Rjg 
66800-1 2 0 0°C, fllxtf, 9 5 0°Ci:Ufettffi 
-e. m*0. 1-2 . 0/im, 0Jx(f x 0. 5AmT. 

^nmm&i><-\ . o x 1 o"~i . oxio"cm\ 

WxK> 5. Ox10"cm" , OpSAl..,iGai.. l 

[0 2 3 3] SI&ttUT* TMGa, Tly^E-T, fcTX 
^^O'O^ixi^^V^^v^A. ;&tf x ^VU^*/ 
UTOgf&fflUT, J$SE;b£ 7 0 — 7 6 0 T o 
r r , 9iX.lt. 1 OOTorrtU fiR^igJgfc 8 0 0 
— 1 200"C, 0jxlf> 9 3 0°ChLfctt®T, J?* 

0. 1—2. tfjxlf, 0. ^Itlfcig 
jg*<1. 0x10"~1. 0xl0"cm\«jitf > 

1. 0x10"cm"'ffipSGaN3>^^H19S 

[0 2 3 4] j&ivc* nIS i CS«1 1 ©gSldfin 
flUSffii: UT^<5r 1 0 0 nm©N i W&2 OfcSSIt&i: 
^l-x pSGaND>^^F@1 9±lCttp<Hf|gt U 
Tf* 1 0 0 nnru *SW6<1 O/tnCDN fi WSt2 1 £|£ 
- It. #I62S£L*><7 0 0/zmi:«eSJ;-5|j:}g^8ijr^ 

So 

[0235] zomz. *nwo>&2<Dm&<Dmmizti 

l^Xlt. >mJI&#f5/I*><2JI©MQW«^T«|Ji*UT 
U5*>< x ±iE(D®2^f.^^Av«c«t-5lc **bf-7MO 

-T5Ci:A<T-£. £fc x iifcdi©ia3 0*>^iyjS>fr&<fc-? 

ids j¥F s m&27bm3iz-riznz&-?x. &a«sk& 

[0 2 3 6] Mx.lt. *56W©^2<7)|US£a)^JSl3fcU 
S©JfcfiSCiS£^T?fc£# x ±5E<Z)ia6l3:^L/cfc¥*W© 

fcSOTs CKDfiU&^ldl*. Sg2©StiS© 
[0 2 3 7] fe*>\ ±ie©^2(DSI*SO^©ittWl333 



t^lt #pJI x 01^. fiJ{#JI©-;i©Jf £(i8 ninT 
feitfv S3lwB8LTIJtWL/cJ;-5l3. 6nmtt±Tfc 
SClt^Jifa-UfcO. LtftbT, 6~10nmO«i 

[023 8] W± N *&f!fl©S& 1 &t/Sg 2 ©St«S©J|Slg 

£«©gMa<«Jt&T:fcO x 0ix.li. ±S3©$&1;&I/S&2 
©§t*S©JI21!gl;:fct>Tli x fijffili: UT I ni ii G a 

*HN£&mLTi\ztK &mt+zmmizfci;xMB t 

it£A 1 • G a r I n,.,., N (0gx<1, 0<y^ 
1 ) ©*SISrt-UgxT*.&Ut,©7;fc»> x fio, *1x\z 
fl^oTv KJI&l/*^'* K/I©>gillt£A 1. G 

a . I n N (Ogagl, 0 g b £ 1 ) ©ftfflrt 

[023 9] m fc x ±I2©S6 1 # 2 ©^«6©»JSlc 
*HvT(* x fyf§JIfcLTlE*l©f£»Jg£igi&*fctolC7' 

jSfi*llC^Ft%«5/><5*- — h F-7£tiZ>Z£tf&Z(DX-. IS 
S^^tt^iggtUTl*. 1.0x1 0"cm- , *3l 

[0240] ^fc x ±ib©^i (Dm^mmiza^xit 

I ni nGat ii NMy;pJI£fl§l>fcSQWffijgfcLT 
[024 1 ] ±I2©$& 1 Aim 2 ©H*S©m®C 

[0 2 4 2] @6 71S08&#J!RUT, g*«3t 

IZ£>) Utt»ffie35ffiSJu€:«ia*-tt**«W©S3 
7iM^5©iyfi©0ffi€:|{i^ri.o H6&#J!BL 
T*56^©m 3 ©HJ6©J^JS©M Q wmm&)&&#mto 

(ooo i ) en^. cffi^ist-rsA^s 

©6H-S i CA^&5niS i CS«1 1 1 ±C, T 
MGa, TMA 1 . 7'> ; E^7 7 . At/, *V*)71iXt 
LX <D*m ZfULMIj* £ LTJ8 1 x tz. M O V P E miZ «fc z> 
t, fi£MA&7 0~7 6 0 To r r, 0ix1*. 100 
TorrtU 8 0 0—1 20 0°C. «Jx 

9 5 CCtLfettS-e. Jf*5 0 — 3 0 0nm. W 
xlfs 1 00nm©Al GaN/t»/77i1 1 2 

[0243] §|$*£UT\ TMGa, 7>=E-7^R 
V. *+V71iX&m^X. /iiIff*&7 0~7 6 0T 
o r r x eix.lt v. lOOTorrtU fiJE^igS* 8 0 
0-1 2 0 0*C X 0!lxlf x 9 2 0°Ci: Lfe«ST, JP* 
0. 1—2. OAtrru fix.lt. 0. 5Atm©GaN4»ra 
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M 1 1 3&tf||£-l±5 0 
[0244] 3ISttl»T* TMA1 , TMGa, 7>=E 
-7. K-/t>hLTS i Hi % RV. * + DT'tfXi: 
L»T©Hi SfflUT, ^ff*^7 0~7 6 0 To r 
r % 0!|jLtfx lOOTorrfcU J*ftjgjg£8 0 0 — 
1 2 0 0-C, Wz.lt, 9 5 0°CtUfcWT% fiO. 
1—2. 0/zm, «;Ltf* 0. 5AtmT\ =F$$%il§g/)< 
1. 0x10"~1. Ox 1 0"cm\ MiHi. 1. 
Ox 1 O u cm" , ©nSAlii«Gai.iiN^^.y KJ§ 
1 1 4£j*J|£-t*S 0 

10 2 4 5] ?|§ai>T, TMA 1 , TMG a > 7>"E 
—7. RV, ±VV71iX£l,i:<D*,m$:m^T. fiEfi 
EAS70~7 60Torr, tfJxtf s 1 OOTorr 
fcU 8 0 0 — 1 2 0 0°C, fcl*.!*. 9 30 

"Ci UkttfSl:, Ji«JM 0 — 3 0 0nm. 0|£.f* % 1 0 
Onm07>K-yAl.MGani N3t**-f KJ1 1 1 

[0246] !IJgUT, TMGa. TMIn s 7>=E 
-7< RV. t+U TliTk k. LT© Ni €rfflt^T. 
E*S70~760Torr > fclxd 1 OOTorr 
fcU J$:Rigg£5 5 0 — 9 0 0"C. 7 0 0'C 

t UfcttfBTU 1 - 1 0 n m, , 5 n mcDT 7 

> K-y I nui Gam N/tUTStS* 3 — 1 0 n 
itk ttxtf* 8nm©7>K-7lni.nGai.iiN# 
FS€:3^5IC:7'>K-7I nmGa.ii N#f*JI/)<2 
-1 0«k #1x1*. 'SJ|IZftSJ:3CfiKfid«^ MOW 
iStfeJH 1 6e^T4. 

[0 2 4 7] 3!£t^UT. TMG a v 7> ; E-7'x fcf* 
i/* □'Oi'v-ir ^y^i,^^, RXf, *+*J7iS 
XtLT©Ni Sffll^T, «SE*S7 0~7 6 0To 
r r , tfjxlf % lOOTorrtU J&g>Sg£ 8 0 0 

-12 0 o'c, «*mu 9 3 o'ct ufcttfST. 1 

0 — 3 0 0 n rru 03x.«, 1 0 0 n mf, :f««53ig*< 
1. 0X10"~1. Ox 1 0"cm\ WiLli. 5. 
Ox 1 0"citi 'CDpIGaNM-f KM 1 1 7 £j&H 

[0 2 4 8] ?m^UT 4 TMA K TMG a v T^^E 

U T 7 #7, t LT© N » Sffiivr. f$.&K1}&7 0 — 
7 6 0 T b r r x WiLli. lOOTorrtU J&gjg 
£&800 — 1 20 0"C. 9 5 O'Ci: Lfcttfg 

■Z.mZO. 1-2. Onm, fclxd 0. 
^*£«!liifiA< 1 . 0x10"~1. 0x10"cm\ 
09x1*. 5. 0x10"cm"'©pIAl t. it G a « ii 
Nf5fKI1 1 8&f£m:£ikZ> 0 
[0 2 4 9] §l§^l>T N TMGa, 7>€r7, tf^ 

*fcUT©Ni fcfflUT, J$^jE;*J&7 0 — 7 60 To 
r r x 0ijH£. 1 OOTorrtU J5*:gig&£ 8 0 0 
-1 2 0 0°C. 9 3 0°Ct LfcttfgT, Jp£ 



0. 1-2. 0/urru 0. 5 ntmT\ ^Fl*<tejg 
g*><1. 0x10"-1. 0x10"cm-' N «ilt 
1.0x1 ©"cm^OpSGaNu^** KJ§1 1 9 

10 2 5 0] *l\T» nSSiCg*611 1 <0«®«3li 
nflifi&fcLTJI;* 1 OOnmlDNi m&^ 2 0&&I* 
ftfc#C» pgGaN3>^^H1 1 9±tlip{l!lg 
&iiLTB£1 0 0 nm, *SW*><1 0Atm©Nig&1 
2 1 «Hg|«L*<7 OOvmtteZJioizm? 

&mr z> z t iz «t o t m q vtm>m}&M¥mi* u — tf *< 

[02 5 1 ] CCD«Hd. *HW(D^3©||jS£a)m!8l3t} 
tMTIi. nfl«*fc**-f KJitLTx pMGaNSfc*--* Kg 
1 1 7«t0gHW^)!i7>K-7A1 1 ,iGa 

1. nNJt*V KI1 1 5£/BC,xTO£<DT x n{MI;:i3l* 

T. J»a*7te^#*fr©g;ttfcgfcMQW>g1&I1 1 6IC 
[0 2 5 2] UfctfoT. &±&mm 

si's a«3t^je^©^(4s/)<{ttsr4c:ti3«;5 

[0 2 5 31 4*, ±tZ0)Wi3<Dni&<DmmiZt}^T 
it, nm&IH KItUT7>K-^A1,..iGai.« 
N3t*'-f K/§1 1 5&ffltxTt>5ft^ C(D«4»fiilrffi 

€:SI^*-tt4(4BlC«t«3t^^OS^toS/)<*S «fc 

oiz, *<Dmm£ftE.mm.-ftnt&u 0 

[0 2 5 4] E7^#^LT*^<D^4©Hlfi 
©BlB©MQW«JgiMSf*U-- tf$K^r-53!)<, ngf 
7«y KJBXT/nfl83t*M KJBffllifiEJJWttx ±a©^3 

07#I 

if, ±ie©^3©H)5£©mSfc|5i«iv:, (oooi) 

®x IP^, c®«:±Si:r4A*S©6 H-S i Cfr£ 
*5nSS i Cg«1 1 1±tc N 5 0-3 0 0 n 
fflTUt, 1 0 0 nmOA 1 Ga N/W 7?i 1 1 

2. RZf. mZO. 1-2. 0/zm s 0. 5 At 
m©GaN4>fSIJ§1 1 3 ^fiEftc*-l*2)o 

[0 2 5 5] SI£t£l\T, TMAl©35filt&^3©|| 
«S©m?8«fc9?ga&-r, ^*0. 1—2. O/im N 0g7. 

0. 5/imt, ^*6*9if?gj!>< 1 . 0X10"~1. 
0x10"cm\mil 1. 0x10"cm'(On 
SA1 it Gau N$>^.y KS 1 2 2^*-(tfe(D 

TMA 1 MS i Hi ©<a*&£fS±LT, 1 0 
~3 0 0nm, Wx.ll 1 0 0nmfl)7>K-7GaN 
KM 1 2 3 &f£§k£-tkio 
[0 2 5 6] Stli, ±!3©^3©S|]S5©}fsffit^«||c v 
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W-£ 1 ~ 1 0 n Mx.it. 5nm©7>K-7In 
... Gam NfttJTmtmZ 3 — 1 0 n m x 0Jx.HU 
8nmffl7>K-7l ni.n Gam N#p@&?SESf3 
7> K-yi n«...Gai.ii N#piA<2~1 OH. £| 
5J||;:ftSJ:?<£jft&d-tt % MQWiStil 1 6 

[0 2 5 7] g£1 0~3 0 0nrtK ^)ilf v 

1 0 0 nmTv ^$4*918^1 . 0x10"— 1. Ox 

1 0" cm"\ Mz.lt. 5. 0x10"cm 'CDpIG 
aN^A^ K/g1 1 7, Jf£0. 1 ~ 2 . 0 win, fll* 
it. 0. 5(im-C. *mm : M£.tfl . 0X10"~1. 
0xl 0"cm"\«iK s 5. 0x1 0"cm''(lDp 
SA 1 ...iGam KS 1 18. Si/, £ 

0. 1—2, 0a*.ttu 0. 5AtmT. ^Fl$^ii 
g*<1. 0x10"~1. 0x10"cm\Wx« N 

1. 0x1 0 " c m''©pSG a N 3 4? Mg 119 

[0 2 5 8] 2kliT« n§2SiC«tS1 1 1 ©S*®|;rtt 
n^gSt Ltg^ 1 0 0 n m© N i f|@ 1 2 0 
SfcttK:, pmGaUn>*i> hISI 1 9±lc(ipfi4S 
Stl/Tf*1 00nm« *§W/><1 0jLim©Nigg1 

2 1 fctSI*. &m2SMLi)<7 0 0 vrntteZ^izfts? 
»Sir*c:tic:«fc^>TMQ Wffii£*I;£ Ji^afSf* U - V ifi 

[0 2 5 9] C©ttlC. *!6^0^4©||]SS(Z)ff$IBlCi3 

ItLT, pSAl..iiGaniN*7y KI1 1 8J; 
•)«ilwfiO!)*tfenSAli.i Gan N>7»KI 
1 2 2&flHvC(^*©T,. n«E: fclt-SJBifrifctf'J*;* < 
*eOx tk$W.&&&1fHtpmiZTtiT. 
©i*(4SkMQWgttl1 1 6l3fclt*S^:fiJ»(ilH 

-r*«&£lifcu, 

[0 2 6 0] ±S3©Sf!4©fyS©ff*®l;:fcUT 
tt» nl^9 KJgfcLTnSSAli , Gat. 

KJ1 1 2 2SfflHTt«5il)t, d<D«3&tgfi£l3pfie,*i* 

^©H^KI*. t§Ja©&SlC#^T«*7te#fiJ®£$£«fe 
£ £ <4gl3»JW7fc^#5fc(Dg;tt£S & «fc -p |- , 

[02 6 1 ] C0«^©7t*V KJgtti&fLtitt 

*Fffiii7?fe4ee>S(i«t< > ±I3S&3©SlJMi©Jtag©.fc-? 
iZ.^mVili-i KJItt&ftlflHB* pfi!3t73'-< KJI©«*« 

[0 2 6 2];*ld. E8&#l$LT*$gi?8©Sfl5©HJ&£ 
©^©SQWfi|Jg^i*U— tffeift^-r-5/»<, nfl«3fc 
KJf©tfifiX. >mJi©«jg. St/. *-yt-7 0- 
»JtHJM.*H». ±ifi©^3©Hi£©Jl5J$£:|i3tru&So 



*1\ ±8B©SI3©||i£©m!St^«t> (000 1 ) 
Sx fllt> ciB$^®i:-rSA^S©6H-Si c^e. 
&Sn£!Si CS«1 1 1±I3. f*50~300n 
tn.Mz.it. 1 0 0 nm©A 1 Ga NM7771 1 1 
2 X Jf£0. 1-2. OAtrru 0SxtfU 0. 5Atm©G 
aN«f0f1 1 3. Sl/s Jf£0. 1-2. Oaitk 0|. 
xtf. 0. 5/zmT> ?F|ife«!iige/)< 1 .0X1 0"~ 
1. Ox1O"cm\0|xlf, 1. 0x10"cm-' 
OngA 1 i n Gain N£5«y KJi 1 1 4 

[0 2 6 3] £|*flftl\T« f*10~300nm,m 
(i, 1 00nm©7 7 >K-yAl..,$GainN3t*W 
K@1 2 4Sfit^tfcO)t, if* 1—1 Onm. MX 
it. 5nm©7> K-7"I m.«Gfti.«NnU7lT 

3~ 1 0 nnru 8nm©7>K 
-?'Int.iiGai.uN#^JI6j£Jl3-ttT\ SQWig 
tfcJH 2 5&|g)St5 0 

[0 2 6 4] foist:. f45~50nm> Wx-tfU 2 0 
n mf, ^fe^SgJgtf 1.0x1 0"~ 1 . 0x10" 
cm"\ Mz.it. 5. 0 x 1 0"cm''©pSA 1 • > 
Ga.i HX-n--7a-te±M\ 2 6£fiMI£-«ia 0 

[0265] mt. ±z&Dm3<Dmt&<Dmmtmmiz.. 

m$ 1 0~3 00 nm, Wz.lt. 1 0 Onmf, ^Wto 
flUttfi. 0x10"~1. 0x10"cm\fix 
«U 5. 0 X 1 0" c iti 'ffipgG a N}fc2)-f KJB 1 1 
7 V J?£0. 1—2. 0/J.m. 0Sx.li. 0. 

1 . 0 X10"~1. 0 x 1 0" cm'\ 
toz.it. 5. Ox 1 0"cm"'©pSAl i.iiGai.n 
N*7«/ KJB1 18, Stfs ©*0. 1~2. 0Atm x 
0S^.(ix 0. 5/zm-U, ^F««53Sifi/)M . 0x10"— 
1. 0x10"cm\Wil^ 1. 0x10"cm-' 
OpiGaN3>^^hI1 1 9&fiES*-tt* 0 
[0 2 6 6];^t\-r. nSSiCSfitl 1 1©SIC» 
niftl^etUTJf* 1 00nm©Niig1 2 0&m+ 
itmz. pSGaND>*^H1 1 9±l3(±piWli 
mt LTJP* 1 0 0 nm v <iWA<1 0/Ltm©N i ®g1 
2 1 &S:l7\ #tjgS^L6«7 0 0/imi:&5«tol^^ 

[0 2 6 7] d©SQW^i*U--tflc:tJt\T(i > ft^f 
© 7f - rt - 7 a - & Ws±T £ to KiSI* t it «$4^*i© 
pSAlu Ga... N^--K-7D-fi*ih^1 2 6© 
#*(c:J: 0 . »«3t^»^©g*ttS^n(H(rt*n5 
dtl;<fcS*<. ±I2©«I3, nmitiU FMt. IT, p 
SGaNit*VKI1 1 7£9*tMHSa>*S&7>K 
-■^A 1 Gam N3fe*V KH1 2 4 £flH>TU£ 
©T. pSAln Gai.i N*->t--7D-|»Jh® 1 
2 6©i£e£*8$8U 36fe»7t^7>^lipfl!llc:r*vT. 
&»^^7>^©g*fil§i: S QWJSIt^ 1 2 5©*.£> 
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[0 2 6 8] fcfc, ±S3CD^5©H4S<DJBJi&U:i3UT 
lis nfld3t*'-f K^fcLT7>K-7Al,iiGa.,i 
N3fe#-f KJI1 2 4£/fll\TM-5*><, C©t8fct§Ji£l;:fig 
6>*i**,©T&< , *-/t--7D-|fe±JlOtafiEZlVg 
JflO&CT, ^©ffl/&fttf;ig£SQW>St&I1 2 5© 
<C*{iSir»S*^^»^©g^(iS/)<*5. «fc o CSS 

[0 2 6 9] ±IB©lg5©SUSS©Jl?fg|;;fcUT 
li, nfflM^KICtoTpSAlu Gan N:* 
-M-?a-|»ilJI1 2 6©&e&*g«UTl>*j!><, n 

0*£<TS3fcKJ;oTffiiSLT*, &(,**»©-£ 
[0 2 7 0] d©*g^, K/iliiOr Ut*f 

P«7t*V KJgOTJUfclSMg.fc »>:*:£< UT, nfij3fe*V 
Kltng^v Kg<D4§Ji^*{C«t») pBAlu G 
an N#-A-:70-B6jlJI1 2 6©|ge«:4aJSUT 
*,&U*.©-?rfc-i>o 

[027 1 ] feLt, *&BJi<D&37bm&5<Dnt&<D&m 

&f*l;il«g£*T.**,©T-tt&<, 0iz.lt, ±l3(D^37iM 
^5©^J£<D^(DUi^l3t>t\T(i. j£t£JffcbTIn 
..uGa.uN/I nuGaiii N JbMf>«c.&MQWfl! 

CJ&DTigSlt&A 1 . Ga> I n N (0Sx< 
'« 0<y^ 1 ) ©efflF*JT&*.T<fc&Ut,©-?:fc»), 
fio, ^n«3#oT, 3fe*W KJI&U*7y KJI©;gil 
it& A 1 . G a i In N (OgaiK 0 ^ b ^ 

[0 2 7 2] ±SaS&3 7iMJ&5©gt*S©Jfcjg|;:;fc 

I**, pfll43fc**-f KJ§tn«3fe*"-f KJI©/f J?li|^ 

< LTtft<x mif. nffiW-f K/f«fcOfc 1 0~10 
0 n m, Wx.lt. 5 0 n mj? < JKfiS L-C^ttfl^fcA'-r K 

fi££n KJf©tflfiSfcl§ICJ:dl;:UTt,&ut,© 

[02 7 3] *rz. ±ta<D3i3nmm5(DmfoG>Bmiz 
*jt>Tii^*w h-mimmm^T'k^>ij\ t§fi&©n&o 

>K • =Pwy4Siii:L-rt,a<. 0§x(f, Sg5 ©Hit 
©J£fiS©«^lc:li, n«|it**-f KlSnS^7i/ KJHW 
frS®*1 0 0nm©7>K-7GaN3t*W h'l^tF 
f*20nm(D7>h'-7Ali. l 6au N3fc#-f K 
^©2®«JSlcUTt^t\ 0 
[0 2 7 4] &(;:, 0971MH1 4£#8aUT, piH3fc 

iipft%#<f ^mizaif^n^m^iSMTiztiz 



i t<ssiS&jg j •» sea * a tt&wom 6 

73MS&1 1©ftte©J&fi§&IBtB-f* 0 £?*, 09&#|»B 

lt*«w©^ 6 ©hss©jbjs© s QwmmmitiE:#m 
(ooo 1 ) s, ep*>, ciiSiatr-sA^s 

©6 H-S i CA^fc^nSS i Cg«2 1 1 ±IC, T 
MGa, TMA 1 , 7>^E-7. RV. *v'J7A'7t 
LT©7kfg€:^«**7.t UTffltxfcMO V P E^ldio 
T> fiEMA*70~760Torr,?Jxlt 100 
TorrfcL, /&gjgg£8 0 0~1 2 0 0°C, flla. 
It, 9 5 O'Ct UfctfcSt:, i*50~300nm,« 
x.li, 5 0 nm©A 1 GaN/t«;77f2 1 2£fijft£ 

[0 2 7 5] 3l£|£OT, TMGa, 7>^-7. K — 

«*ffll»tx fi££ff:fc&7 0~ 7 6 0Torr, Wx. 
If, 100TorrkU J5£^jg£& 8 0 0 — 1 2 00 
"C, 0i7.lt. 9 2 O'CfcLfcttfBT, m*0. 1-2. 
0/tm, 0. 5/imT, ^Mft'Sxl 0 

"~1 x 1 0"cm\ Wz.lt, 2 x 1 0"cm-'(!)n 
SGaN(fH12 1 3SfiRS^-tt* 0 
[0 2 7 6] 3lt*£UT, TMA 1 , TMGa, 
-7v K-/t>Ki:UTSiH,,Mx*vU7*7 
£:UT©*J!t£ffll,\T:, fiSSEM7 0~7 6 0Tor 
r,0Jx.lS, lOOTorrtU «gigg^800-- 

1 2 0 0'C, Wait, 9 5 O'Cfc U/cttgST. 0 . 
1-2. 0/xm, 0iz.lt. 0. ^*6%igg/>< 
1.0x1 0"~1 .0x1 0"cm\ mi*, 1 . 
0X1 0"cm"'(0nIAli, l GauiNi'7«; Kg 

2 1 4&J5M|<Sr-y;.5 0 

[0 2 7 7] 3|£f£uT, TMGa, T>^-7. R 
If, tvU/^tl/TCTkl^fflUTv ^«E*&7 
0~7 6 OTo r r, 0iz.lt. lOOTorrtUst 
gjae& 8 0 0-1 2 00*C, 0iz.lt. 930'CtUfc 
tt^T. 1 0 — 3 OOnrrw 0iz.lt. 1 OOnm© 
7>K-7GaN)t*'-fKI2 1 5&fiJMI£-tt*o 

[0 2 7 8] 3l£t£UT, TMGa, TMIn % 7>t 
-7, X.V. +t'J7*'XtU©N. 6fflUT, fiE^ 
ffitlS: 70 — 760Torr. 0iz.lt. lOOTorr 
t tv J&Rjggfc 5 5 0 — 9 0 0°C, Wxli, 7 0 0*C 
tLtttfiT'x 1 — 1 0 nm, 0iz.lt. 5nm©7 
>h'-7l moiGa. is UlVJTmT'&ftttitzmZ 

3 — 3 0 nm. 0iz.lt. 5 n m©7 > K-^" I n. i« G 
a.«N#^e^^^-tiTSQW>£ttJi2 1 6 4»fit 

[0 2 7 9] ?|#<^UT, TMGa, 7'> : E-i7', R 
V. *+VTHXt: UT©N, €:fflt^T, fij«ff*€:7 
0 — 7 6 0 T o r r , ffdx.li, lOOTorrtUfit 
8 0 0—1 20 0°C, 0S^.lf , 1 1 3 O'Ci: L 
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fctttST, 0-3 0 0 nm, Mz.lt. lOOnm 

(DT> K-7Ga N3fc#-f K/12 1 7 £tf*l£-tta o 
[0 2 8 0] 3l££l\Tx TMAK TMGa, 

*+*J7rt7>£LT<DM, &ffll>Tx fiJfiEM7 0~ 
7 6 0 T o r r . ffjxtf % lOOTorrtU Jfcgjg 
g^800~120 O'C, 9 5 O'Ct Lfcttfg 

T'.mZO. 1—2. O/im, 0. 5AimTr. 

^*6«9ig^A<1 . 0X10"~1. Ox 1 0"cm\ 
Wz.lt. 2. 0x1 0"cm"'©pSAlmGaui 
K/12 1 8£jfc§t<k-tt* 0 
[028 1 ] ?|#^^T, TMGa, ;F>^-7\ fcf* 

*fcLT©N, &ffll\T N fiJIE*$7 0~7 6 0 To 
r r % 0iz.lt . 1 OOTorrtU /&£igg& 8 0 0 
-1 20 O'Cs Mz.lt. 9 3 0°Ci: UtttST, 

0. 1~2. OAm> flilt 0. 5MmT x =F$*«5ii 
&*<1 .0x1 0"~1 .0x1 0"cm-\ mz.it. 

1. 0x10"cm''©pIGaND^>;hf219 

[0 2 8 2] ftWC. nSS i CS«2 1 1 (D^SlCli 
niW^gt LTJ?;* 1 00nm©Ni g& 2 2 0 £|g(* 
p£?GaND>** hJ12 1 9±lc(ipfij@ 
St UTJf* 1 0 Onm, *gW#3 /zm<DN i g&2 2 

1 fcisi*. &mnmLW7 o o timttezzoizffktt 

[0283] ~<D*&w<DmGa>mm<Dmmiztn.\T 
it. atmo^mizRLx pmxm vm^T^v-ym 

[0 2 8 4] ^fc, p«3t*V KflfcT^K-^jlKll, 

L*tUlMSSfc*«eiBatt- 3 Z 1 # Z o 
[0 2 8 5] ZKD&JHx pfij7t*V KJUCfcttaSfti*^ 

2. »©*StA<«i$9*ti5©T x flHMMiMtU — tf©« 
*JH££ rfij±r * C t $ 4 o 

[0 2 8 6] Cffl^OTVK-^lt^ Jfcl^&T 7 

BSi: LT U — tf ^Idj&gTfc-S 2 c m 

'/V • s^fimZtitilt&K. Wz.lt. 1 x 1 Q" 

[0 2 8 7] 01 Ofc#J&UT, *SglB©ai7© 

tii^Tit. pm%n<< h-m<Dmmi*H.it±%&<Dm6a>n 



it^-tio 
®* o#sa 

±t&o)&6o>$m<DBmtmmiz. (ooo i ) 

M. BQ*>. clSiltt 3A£H©6 H-S i CfrZ 
&5nSSi CSffi2 1 1 ±IZ. f*5O~300n 
m. Mz.lt. 50nm©Al GaNM>y77l2 1 2. 
J?£0. 1 — 2. OfJ.tn.mz.lt. 0. 5AimT% 
*9J§&A<5x 1 0"~1 x.1 0"cm\ mi*. 2x 

1 0"cm''oS i K-7©nSGaNTO2 1 3. 
Klf.mZO. 1—2. OMm, ^xlf. 0. 5um 
-C-. ^tt^jjg&A* 1 . 0X10"— 1. Ox 10" cm 
'\ ^lill 1- Oxl O'.'cm'OSi K-^OnS 
A 1 iiiGatii N£5<y KJI2 1 4 & 

[0 2 8 8] 3I£^UT> g*t,*M0~3O0n 
rn.Mz.lt. 1 0 0nmCD7>K-7GaN**'-f KI 

2 1 5 Zf£&2itrz<D*>. J?£ 1—1 Onm, mi*. 
5 nm©7 , >K-^I n. « G a. .s N A'J T'JiTtt}^ 
£*tfcJ?£3 — 30nm, flx!*. 5nm©7>K-? 

1 n. .. Ga. ..N#j3JI£jfcR<*-ttTx SQWJS14JI 

2 1 6£ff5fi&f£„ 

[028 9] m$ t, 1 0 0 n m«T> «x 

lf> 8 0 nm©7> K-7Ga N#2>V KJI2 17,f 
£0. 1—2. 0/um. Wz.lt. 0. 5/j.mT. ^tt«3 
HJ&*><1. 0x10"— 1. 0x1 0"cm~\ M& 
tf. 2. Ox1O"cm" , 0MgK-7(DpSAl l . l i 
Gau ! Ni'7'>KI2 18,Mv g*0. 1-2. 
Ofim.Mz.lt. 0. 5fjLmT:. ^t%<tom&i><1 . Ox 
10"— 1. 0x10"cm'\mit 1. 0x10 
"c«n''fflMg K-:7C!)pSG a N K12 1 9 

[0 2 9 0] nSS i C««2 1 1 ©SiSKte 

n«iegt LTIP* 1 0 0 n m© N i MS 2 2 0 feKIt 
?.ttt(c:. pSGaND^^ KJ12 1 9±fc(ipfije 
StlTg* 1 00nm> *aWA<3/im©N i gg2 2 
1 *tigg§SLJ!><7 o 0Mmt45J;5l:t?^ 

[0 2 9 1 ] Z(D&7<Dnm<DBmiZt}l\Tlt. p1H3t 

Kiroift, fin«^ vmomg-t. j:*?}* 
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nm*3l (0. 1 /im*|) Id. «fc 0»3Sl3l±0 . 08 
MmWT (8 0ntnliT) UT^< Cltl'«fco 



(24) 



1-3405 80 



pM%#<f KSiDAJP t, />< 1 0 0 n m^0*g^C 
(*> t, =t. fcUTt&<x *W:ioT, K 
«i£©#*ffl;t±£t(iIET * ZttfT-ZZo 
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©£0. 1 ~2. Oaiitk ttiUfx 0. 5 /tzm 
t, =F#1ft)$gjg/>< 1 . 0x10"~1. 0xl0"cm 
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niuGa.iiN#R®€:fiES*-ttT. SQWSUtJB2 

1 6£BJ$-f£o 

[0 2 9 7] frl\T-. Jf£1 0-1 OOnrn, 
5 0 nm(07> K-7I n»« Gam N^**< KJI2 

2 4 % . f*10~100nm, 5 0 n m 



Tr> =R$*3ag6<1 x 1 0"-1 x 1 0"cm\ 
I*. 5x10"cm"'(0MgK-7©pSAli. 1 Ga 
• hN&AV KJ|2 2S< ^£0. 1-2. 0 fim. ft 

0. 5/xmT, 1 .0X1 0"~ 
1. 0x10"citi\«x.!l 1. 0xl0"cm"' 
©Mg K-70pSA1uiGai.«N^7^ KJI2 1 
8. Jf£0. 1-2. 0/inru Willt 0. 5// 
m-p, W&>agjg/><1 . 0X10"~1. 0xl0"c 
m*\ mmt, 1. Ox 1 0" cm"'©Mg K-y©p 
MGaND>^i? I-Jl 2 1 9 -5 0 

[0 2 9 8] ;*Htr x n£S i catS 2 1 1 ©Rffilcli 
nmm&£ Urm$ I 0 0 nm©N i f|g 2 2 O&iSI* 

piGaND>^^ h)I2 1 9±ic:iipflgii 
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n#|3t*'-f KM^3JiW±©^ffi3g-C«ifiEUTtA 
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*l2g|&A<5x1 0"~1 X1 0"cm\ m«U 2x 
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*»■ C<Dn(M3fc#-f KJf©tlfiE£ p<W3fc;tf-<' KS 

IZ. tiimyt 1 &&ft1fi0ML±{iLSW{iL&?Z>Z£lZ?J:Z<D 
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tt-bOfrJlfll&TWlJS LTfc&Uo 
[0 3 0 8] *C % 01 3£#JSSLT. *«W<Dmi 0 
©HiS(D)f5!S$:BiW-r4o fcfc. 013 (a) li. 
t»©&1 0<DH*S©Jf$«S©SQW^Sf*U— tfflD^tSH 

t-^o. $fc, E13 (b) itvmmsma>n> k • * 

^.li±lc©^6(D||«i<Z)JB®i:^ti|-?:fc*C!)-c. Ki££ 
013 (a) #J£ 

sr. ±^<Dmeaymtit(Dmmtmm\z. (0001) 

®s fiP£. cffifeiIi:t4A*S©6H-SiCfr& 
fc*nS2S i CStS2 1 1±ld. JP£5 0~3 00n 
m, 50nm©AlGaNMv77l212, 
^£0. 1—2. O/im, WliU*. 0. 5//m-v?. ^$fc 
«92&gj!><5x 1 0"~1 x 1 0"cm-\ Wz.lt, 2x 
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;rifct,\©T. ft*©*^ 
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[0 3 2 63 feLtx *$8«S©SS6 75Slfn 1 ©SljSS©}& 
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Vx V71SX£LT:(D*m&f£&1jXt LTffiUfc 
MOVPE^lr«fcoT, «fiEAft7 0~7 6 0Tor 
r . #x.tf . lOOTorrtU J&gj£fi& 8 0 0~ 
1 2 0 0 e C N , 9 5 0*Ci: LfcttfST. J?£ 5 0 

— 3 00 nm, 0jx.(f, 5 0 nm© A 1 G a N/ty -?y 
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[0 3 3 03 TMA1 , TMG a> 7>"E 

-7. K-/t>KtlT, S i H«> RV. ***)71i 
^i:LT©*f4ffll>T, «MAS7 0~7 6 OTo 
r r , mz.it. 1 OOTorrtU ldc«5ag& 8 0 0 
-12 0 O'C. ^litf. 9 5 O'Cfc LfcttST, 

0. 1—2. 0/zm, #3x«, 0. 

j&A<1. 0x10"~1. OxlO"cm\mtt> 

1. 0x10"cm"'©nIA1.iiGauiN^77 
Kg 3 1 4&^«*-B:S <> 

[0 33 1 3 3l£l£l>T N TMGa, 7>^-7, » 
V, **U7'a*;*fcLT©*Si£ffll\T. fi£fitt*€:7 
0~760Torr , 1 OOTorrtU. fit 
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£ U fiE^SS^: 5 5 0 — 9 0 0"C. WiHi. 7 0 0*0 
fcLfett^lrx fiSSS^r.^O. 1 Aim/h«.±. M 
z.it. 0. SMm/hl-^rollsf^T. 1 — 1 0 n 
0ix(f N 5nm(D7>K-'7Ini,. 1 Ga.iiNM 
•JT-StJf^S— 1 Onm. 0gx\«x 8 nm©7> K- 
^"1 m itGai K N#FS&5SI37> K-^I n 
..i«Ga. M N#F^6 ? 2Xli3@. 2JHc:fc 
-5«fc-5lc:^*-a:. MQW)S1i®3 1 6$:B^r4o 

[0 3 3 33 ^gSlvC. T MG a N 7^-7. » 
V. *+'J71iXtLT<D&m$:mi*T, fiJc«ff^j«:7 
0 — 7 6OT0 r r. fiaixtf, lOOTorrtU^ 
:H>ag£8 0 0~1 2 0 0°C, Mint. 9 3 0°Ci:U/c 
f*10~3 0 0nm,«7.lf, 100nm© 
7>K-7GaNit*VKI3 1 7$rfiES*-&5« 

[0 3 3 43 3l#*j|U-Cx TMA1, TMGa,7>t 
-7, e^i/^D'<>i'yir;R^i/^A, 
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760Torr^ilt 1 0 0 T o r r £ U 
fife 8 0 0-1 2 0 0'C, fl&f& 9 5 
T?x 0 . 1-2. 0/xm, ^ixlix 0. 5/zm-trx 
fW»a«flM . 0X10"~1. 0x10"cm-\ 
MtHf, 2. 0x1 0"cm''fl)p£A1..iiGa..ii 
N*7V Kg 3 1 8£j&g£-a:So 
[0 3 3 5] Slt^Tx TMGa, 7>t-7, fcTT. 

Xfc LT©&££fflUTx fitfiBE*^ 7 0~7 6 0 T o 
r r x 0jx.1£x 1 OOTorrfcU JfrKja^fc 8 0 0 
- 1 2 0 0"Cx Wait % 9 3 O'Ci: LfcttSTr, 

0. 1—2. OAtm. 0j*.tfx 0. 5 /imT, ^I4*9ig 
gjb<1 .0x1 0"~1 .0X1 0"cm \ 

1. Ox10"cm'OplGaN3>*^H31 9 

[0 3 3 6] nSS i CS45 3 1 1 O&miZtt 

nfflggi: UTJ?£ 1 0 0 nm(DN i M&3 2 0 &f£l* 
at^fcx pS!GaN=i>*i> i 9±lClip<Hg 

®fc LTJ? * 1 00nm> ♦«W/) ( 3 /zm©N i 2 
1 fclSltx &m%a&Lb<7 0 0 u.m£tj;Z&?lzm : ¥-& 
Sfl-f * Z £: KI «fc o T M Q WfltiUS fcJI^tt; U - If *<5S 

[0 3 3 7] _H2©$g1 2<DSy£(Dfi5®l^fcUTI*, JS 
&)!©/$:&&££ LTx 0. ^ jJ.m/hOL±. WZ. 
0. 3/*m/h£iSfl3 LTt*5*^ dC"UE1 6 £#J!B 

01 6 (a) #RB 

01 6 (a) (i % InQaN;mi(DPLif(^f<g 
^©fiS:£££«c#tf & ^"T 0Tfc 0 x 0 fr£ W £ *vfe J; 
dlJlx J££3&r, /><0. 1^m/httT©0. 07 5 
^tm/h(D^^IC TMI (MJ/fMi'y'JA) © 
35fi©lS*at^(3. P L&&0WmiSmi)<tg±L-C I n 
GaN©ffl«^-A^fta-r4Cf^»?-Pifer)x 4 00n 
mtt±©^Fl£)P Lifcg&fiSfcfcOTx gSKd)l nGa 
N jigltfff & t \ d £ t<m 6 A^Trfc 4 „ 
[0 3 3 8] — f,^ JSSSjgr, Jb<0. 1 /*m/hW± 
©0. 3/zm/h©Jg^U:li x T M I ©SSgtfigJffl LT 

iaU EPtix I ntflfi£itjb<i**QU 4 2 0 nmttiST-li 

[0 3 3 9] Z<DZ£frZ^ <?ZZ£ 
lZX-?T&j£^t$i-£WmT-ZZZ£tfftfr>), 'J>fc< 
i:tx 0. 3Mm/hiatg©^^SJe©*i^lc(i, ^fe 
*«(*U-1f UT*?®fcjfcSteffl©t§fi££*rr« I n 
G a N SttJI JM± A < -tt Z Z £ ii< nJ&Tfc 4 

[0340] 01 6 (b) #J$ 

01 6 (b) «\ P Lft%&G>i$.§km&&ft&*:7iiTm 



t UT»a«e«iftSfi(|lr*JUT*a«6«Jl^$J&P Lft5£. 

[034 1 ] ^trLTx *»B.8©SfS1 2©HJSS©»ffilC«t 
*U*x SB©£#fcS i CgtSfcfflU, fi^x *©a® 
feK^-f • x.y^>^K£9l*5fcLT«iB$xJaffig&<B; 
i)S-r*x:tlc:«tOx *5(4£g#1 0' cm 'WTT, 
Ox PLe-^ijtlA«9 0meVliT<OI nGaNJSfi 
J§A^t.*ix ^*lir«fcoTx *>*©fcl*I-L4$t*A< 

[0 3 4 2] ^UTx 4-£Tr©gfS£|g3:;iTx 
£r,A<0. 0 7 5Mm/h©ig^©&aifc*tlt-r& 
fcx 0. 3Mm/hl;U:©lg£IC#^&»fe>m/§A< 
»S.*iSfe©t«l«**ix *fcx il»&<tt,x 0. 2/z 
m/hg;Tl;mWfc>£teJlJ!><»£;h.x ££>iz. 0. 1 u 

m/ h a>m^\z t mm izm am zm&oyz&m 6 *i 

Z>i,0)£%z.t>H2> o 

[0 3 4 3] Z0>Z£it. f£fkm&1><m^l3. £*]%&& 

s/><f#s tis £ %x. e. tvzi\rz^nm£s.r 5 t©T 

-f K^ft-S«5^5|f*©^ttli^&A^fc5o 
[0 3 4 4] tt±. *^©|g1 2©||*6©^^Bi^ 
LTtfcA'v S61 2©||i£©pffi©|fe^l3RS6*t«.t© 
Tli«:< x ^©ttffi,S«©*5Hlc33t\T^a©SEg6<"I 
IfeTfeOx mtfx ±13©^ 1 2©HSS©JBfiSlcfcur 
(ix #plt IT I n..n G a. .. N 4gffl 0Tl>5 
A<x ^t-r^^JilCJtiCrjlSit&A 1. Ga, In 
N (Ogx<K 0<yg1) ©JofflrtTgxT 
t.^Ut,(DT:ifeOx MOx t*vC#oT^ 3t^-fKga 

^ «y KS©>6Slt& A 1 . G a • In N ( 0 
^ a g 1 x 0 ^ b ^ 1 ) ©*SHrt-e£xTfc&Uo 
[0 3 4 5] i^x ±iS©$&1 2©H*£©^fB©itt^lr 
*JUT(ix )S14Jl€:MQWjS14g1 6 Tr#Wc LTt^S 
A<x SQWJSi4MfefflUTftl\t,©T-fe»?x C©ig^(C 
t.fiJ.^SJg£0. 1 /xm/hJ-Ux 0. 3*im 

/ht Lfc^4«^Sx(^Flc:fcH^Tx Jlck 1 -1 0 nmx 
(ix 5 nm©7> K-^I n, » Gai n N/t'JT'S'C 
tt^^tifc, @$3 — 3 0nrrix ««Ix.«x 8 nmiD7> 
K-n n. uGao .s N#p^^^jE£?> S QW>gtt@ 

[0 3 4 6] *fcx JtlBcom 1 2©H«fi©^lx:feUT 
(ix iSttJlfc LTiE?L©^Bg4^i6-5fc«>lx:7'>K- 
^i^fflt>Tt>4^ 7'>K-^S©«-&x =F?iaB<)IC 
;f«1&)j!><*- h K-^**t4x:t*<&S©-trx 

LTlix 1 . 0 x 1 0" c m '^jSTfett 

[0 3 4 7] friz, 01 7;&V01 8&#R8UTx pS 
i'^-y K^lr$x^^tS^i4$:ISItx 3:©^!H^4g« 
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mtr&WtZ 0 £?\ 01 7 £#KlbT*&Ea>85 1 3 
omtfcO&m&l&WT&o 017 (a) li, 
mami 3<Dftft©B!S©SQW¥gf*U-+fa>$ttg0 
Tfe0v*fc>E17(b) li)Si±^i5^©e^^9l© 

01 7 (a) #fS 

its (oooi) ci&istnA^s 

©6 H-S i Cfr€>fc£n£!S i CStE4 1 1 Jbld^ T 
MGa, TMAK T>=E-T. RV. 
LT©*i^^fiE^**7.t LTfflOfcMO V P EmiZ £0 
Tv J5££S*& 7 0~7 60Torr, #lx.lf x 1 0 0 
Torrtk l&g£jgfc8 0 0— 1 2 0 0'C, mZ. 
it. 9 5 0*Cfc LfcttfigTr. f*50~300nm, ft 
50nmfflAl GaN/^v77f41 2Srtl* 

[0 3 4 8] 3I#&UT. TMG a v T>=E-T. K- 
^>S«i:LTS i H« „ RV. *+>)THXtLT*. 
«&ffll>T, fiJc«ffi*l&7 0~7 60Torr s ft*, 
tf. lOOTorrtL, /£^gJ&£ 8 0 0 — 1 2 0 0 
•Cx «*Kx 9 2 O'Cfc UfcttJETr, JfSO. 1-2. 
OfjLm.mx.it. 0. 5yumT. ^Itlfcli&g/)* 5 x 1 0 
"~1 x 1 0"cm\ WZlt. 2X1 O'^m-'an 
SGaN^B3®4 1 3 &fifc*«k-ti;.& 0 

[0 3 4 9] 3I£&UT. TMAK TMG a. 7*>^ 

t LT»*ffeffl x fiE«ff 7J &70 — 760Tor 
r x 0Jx.«v lOOTorrtU j£Sig££ 8 0 0 — 
1 2 0 0°C. ftiltfv 9 5 O'Ct UfcttlgT, 0 . 
1—2. Oaitk Wx_lt. 0. 5AtmT, ^mom&ff 
1. 0x10"-1. 0x10"cm\mit 1. 
0X1 0"cin' l «Dn£Ali ll 6ai.iiN^79 KJi 
4 1 4£ricH£-ti5 0 

[0 3 5 0] 5l*fftUT« TMG a, r>*=y„ R 
If, **U7'*-*fcLTCD*Sit£fl!l\T, fiXHjE;*j£7 
0-7 6 0 T o r r , mM.it. 100Torr£UJ5& 
fiiSgS8 0 0~1 2 0 0*C, ft*!*. 9 3 0'CtLfc 
tt®T?. f*10~3 0 0nm, ftitf, 100nm<D 
7>K-rQaN#^ KJI4 1 5 

[03 5 1 ] SISflfeUT* TMG a v TMIn, T>^ 
-T. RV* *+VTHXt:l,T<DN, feffiUT. fiJES 
ff?J& 7 0— 760Torr, mXit . lOOTorr 
t U 5 5 0 — 9 0 0°C. 0iz.it. 7 0 0*C 

t LtzftB-C. »4.1-10nm, mZ.it. 5 n m(OT 
> K-7I n.« Gai » N/t'J Tmt:i%&£ *ifcJ?£ 
3~3 0nm.mZ.it. 5 n m<DT> V-Zf I n« .i G 
a t .iN#^€:^$-ti:TSQW>Stt®4 1 6 
-f 5„ 

[0 3 5 2] 3I£I£(,\T. TMG a. T>=E-7. R 



0~760To r r, ftx.tf x lOOTorrtUtf 
jyggfc 8 0 0-1 2 0 O-C, 0J;U£ % 1 1 3 0°Ct L 
/cttglT:. H£ 1 0-3 0 0 nrru 1ftZ.it. lOOnm 
©T'^K-T'GaNfttf-r KH4 1 7£j&H£-t*4 0 
[0 3 5 3] 3l$l£l\T, TMAK TMGa,7>t 

— 7\ D-s>^ vx-^^?y^v^A. Rlf. 
+ tiJ7*7tl,Tfl)N 1 £fl§UTx fi£SE7j£7 0~ 

7 6 0 T o r r . WZ.it. lOOTorriU fS.^ 
££80 0-1 2 0 O'C, 0iZ.it. 9 5 0*Ci:Ucttlg 
T'. mtO. 05 — 0. 50fim.mZ.it. 0. 2fim 
T: W&jg£/><1 . 0 x 1 0"~1 . Ox 10" cm 

\ mZ.it. 2. Ox 1 0"cm'd)pSAl • » G a 

•n N£5>y KJI4 1 8£j£K£-ti2>o 
[0 3 5 4] ?|$^UT, TMG a. T>=E-T. 
^^a^O^vX-jUvy^v^A, Rlf. *+»JTU 
*fcUT©Ni &JBUT v fi£Hff;t)£7 0 — 7 6 OT o 
r r N mz.it . lOOTorrtU f**S££ 8 0 0 

- 1 2 0 O'C. mZ.it . 9 5 0°Cfc LfcttJST. T 
#1— 5 00nrTu ftiUi. 1 0 0 n mT-. ^FttlftJigS 
*<1. 0x10"— 1. Ox 1 0"cm\ mZ.it. 

1. Ox 1 0"cm-'fflpSGaN*®i4 1 9 

[0 3 5 5] ?|$^UTv TMAK TMGa. 

RV. *VJ7*^i:LT©N 1 

7 0 — 7 6 0 To r r x mZ.it. lOOTorrtU 

J$Sia&£8 0 0—1 2 0 0 o C. mZ.it. 9 5 0*Cfc U 

Tzikmn. mzo. 0 5—o. 5 o fim. mz.it. 0 . 

2 fJLmT-. ^&<fo%kg.tf 1.0x1 0"- 1 . 0x10 
" crt\ \ mz.it. 2. OxlO"cm'fflpSAl 
uiGaiitN*?* KJg4 2 0£fiE^*-tt5 o 

[0 3 5 6] ?|$Sl»T, TMG a. 7>t-7, tf^ 

^fcLTCDN, fefflUT, J5SHEE:tl£7 0 — 7 6 OTo 
r r , lOOTorrtU, fiR^jgS^ 8 0 0 

-12 0 O'C. mz.it. 9 3 O-Cfc UfcttSTs Jf * 

0. 1-2. Ofim.mZ.it. 0. 5Mm7r, ^«9« 
£#1. 0x10"— 1. 0x10"cm\m«, 

1. 0x1 0"cm''fflpgGaN^>^^H421 

[0 3 5 7] &t,\Tr. ngS i CSS 4 1 1 O^ffidi 
nflimgtUTJf* 1 0 0nm©Nig&4 2 2&i8lr 
•Stftlr. pSGaN3>^^ h/14 2 1±ld(ipfl4S 
St LTmZ 1 0 0 n m. *iW/)<3 /zm©N i ^fii4 2 

3 «KI4\ «tiflg L 6< 7 0 0 /z m J: ^ izm=F^ 

fiJTJ. 

[0 3 5 8] C<D*l6Bfl(D^ 1 3 ©SIMiO^tteUT 
(i. pSAl«.nGa«.iiN^7<y KS4 1 8, 420 
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«^«g©pSGaN^fg|«4 1 9£«*&A,TrO£<D 
ISIJI4 1 9 K$fcJilA<jic:j$g U fS&ttfMS^-razfcl;: 
xlfctffcUo 

[0 3 5 9] LfctfoT. Sl^ggA<±#U&ua>Tx 

So 

[0 3 6 0] Sfcx CKDijg^. plGaN^f^l . 
0x1 0 ,a cm' , 8ttlZ K-^LTHSare* ^CJl* 
© pffif ^ «y KJI& A 1 1. is G a i. it N TrflWE bfcig^ 
fclt^Tx pSj'?"; K/fO>i«n&«fc9'Jv#<-r -Sdfc 

[03 6 1 ] ^13, e^©i*;^-u^^s^t 
018 (a) S#IUT, #$8l>8£Dtft 1 4 ©5l4£a>Jfc«g 
£i»l$-r£o fc*>\ CCD3&1 4©SySCDJK®l3fct\T 

«x fpmm<Dm&imi*±tz<Dm 1 3©iijffi©^^t± 

El 8 (a) #JS 

±I2<dsri aommommtmmz. (ooo 

1)®x EP^x c®«:i®i:r5A^Sc7)6 H-S i C 
fr&&4nSS i CStS±ir x l*50~300nm, 
03x.l*x 5 0nm©Al GaNn»>77§, f*0. 1 
-2. 0Am> Wz.lt, 0. 5Atm-C. ^*fe*!Jig£6< 5 
x 1 0"~1 x 1 0"cm \ Mz_lt. 2x 1 0"cm 
'©S i K-y©nSGaN«f(SI, Xtfx J?#0. 1 
— 2. 0//m« 0i*(*x 0. 5>Ltm7? v ^Wfam&t* 
1. 0x10"— 1. 0x10"cm\ Will 1. 
0x1 0"cm '©S i K-^tDnSA l.uGa.n 
N*^y KH4 1 4£/&g£-tt£ 0 
[03 6 2] 3l#t$UT, j?*6<1 0 — 3 00 nrrix 
xlix 1 00nm©7>K-7GaN)t*Vh-I4 1 5 
&/5fcgx*-tifc<D^ Jp£1— 1 Onm, 03x«> 5nm 
<D7> K-n m il G a. « N M«J TilT:8x4$£*l£ 
f*3~3 0nin, 5nm(D7>H-yin 
...«Ga...s H#pM*:l£&£1£T. SQW>Sttg4 1 
6&JKfiE-rSo 

[0 3 6 3] ;*t>T*x ^£ 1 0 — 30 0nm, 0Sx.lfx 
1 00nm©7>K-yGaN)t* , -f KJI4 
0.05 — 0. 5 0/zmv 0!lx.«> 0. 2/xmTr N ^|ifc 
HsXtt^l. 0x10"~1. 0x ; 10"cm\«x. 
It. 2. 0x10"cm"'©MgK-7(!!)pIA1 l .i l 
GainN^v K/14 1 8£j&g£-tt3o 

[0 3 6 4] ;XU7?, TMA1. TMG a ©}"3Sgtt$:JS 



T6fi©G a N|~&5 «fc-5 l3S£fttj|;:£<t t fcH * T ft< 
1-500 n m. Wz.lt . 1 0 0 n mTx =m*!)&gj!>< 
1. 0x10"~1. 0x1 0"cm H , mz.lt. 1. 
0x1 0"cm '©yb-f"; K4>ra®3 2 4fc/£R£ 

[03 6 5] ftUTx Jf£0. 05 — 0. S0/um x ^ 
z.lt. 0. 2//mr, *#*3££J!><1 .0X1 0"~ 
1.0x1 0"cm\ 2. Ox 1 0"cm-' 

COM g h"-7fflpSA 1 in Gain H^7» KJS4 2 

0, RV. m$0. 1-2. 0/um. «xll 0.5m 
mTx 1.0x1 0"~ 1 . 0 x 1 0" c 
m \ Wz.lt. 1. 0x10"cm'(DpSGaN3> 

[0 3 6 6] /fc^-Px nSS-1 CSS<D^SlC(±nfl!lii 
gtLTJp*1 0 0nm©NiS«i&Klti>i:#tt, p 
SGaNn>^» >JI±l;:(i pfiiSSfc UTg£ 1 00 
nm s HW*><3 /trnfflN i gffifciSltx ft«Si^L*<7 

0 0 fx m t «c * «fc o lZ%.=f- #S TZ> Z £ IZ «fc -y T S Q W 

| — -if tfS&dc-T * o 
[0 3 6 7] ZO>%i1 4<Dmm<DmmiZti^Xlt. 

4 2 4l:ffifiJcLTt\2 > ©Tr» *-;U(D pfijit**^ KJg-N 

[0 3 6 8] «c*>\ CKDig^. yu-^-y K^ra®4 2 

[0 3 6 9] e^^4©x*;u*-i^u£jr:-r 
018 ( b ) LTx *&W<Dm 1 5 <D5ltt©^JS 

^BiWr*o ccd^i 5(DHit©^ic:feur 
<mmi:-soz<DT'. &&imnzf%+ztiimit'4i*&TZo 

018 ( b ) #fi8 

*r x ±secDSf! 1 3 ©siJsrojiJtetiBi^irx (ooo 

1 ) ®x Wt>< C®£iffitt-5A^SCD6 H-S i C 
fr«.4inSS i CSfiii;, 1*50- 3 0 0nm. 
fflxlix 50nmfflAlGaN/t977lv fiiO. 1 
-2. OMrru Mz.lt. 0. 5 Mm"Ux ^««9Jgfi/)<5 
x 1 0"— 1 x 1 0"cm'\ Wz.lt. 2x10"cm 
'<DSi K-7©nSGaN«t>Pais JSlU. ®*0. 1 
-2. 0/zrrK 0ix«x 0. 5/imT, ^F«^iig6< 

1. 0X10"~1. 0x10"cm\«xlt 1. 
0 x 1 0 ! * cm '(DS i K-y0nIA 1 mi Gam 
N*7«;K14 1 4&fi£«it-ttS„ 

[0 3 7 0] Slt&UTx JP£/><1 0~3 0 0nm x #j 
Xlt. 1 00nmfl)7>K-7GaNJt*V K@4 1 5 
f*1~1 Onm, Wi«ix 5nm 
©7>K-yi n..,Ga.. 1 NAU7'JiT-CxiSxk*lt 
f*3~30nm, J)ilf, 5 nm(D7> K-7ln 
. .«Ga,„ N#^S&/5JtS*-ttTx SQW>£tfcJI4 1 
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[03 7 1] 1 0~3 0 0nrru «x.tf % 

1 0 0nm©7'>K-7'GaN3te2H' K14 17,f* 
0. 0 5 — 0. 5 0Atm, Mlt 0. 2/xm-e N TOfe 
ftSfttfl. 0X10"~1. 0xl0"cm\ m 
(fv 2. Ox1O"cm'(DMgK-70plA1..ii 
Gai...N^7v Kg 4 1 8£f£ik£-ez 0 

[0 3 7 2] &t\T-, TMA 1 , TMG a©j£fiit££ 
Slc:3lK6<)lc:tgig^-ti:^ d t li«k oT. AlffifiEifctfA 
1 i.iGainNfrS.GaN'sSt^fcgfc-r Z&mm 
iS6^«c*Jf* 1 —5 OOnm, «t»)»aiCI±. 10 — 
500nm, 1 0 0 n m©£JHitjgct>fSIJl 4 2 

5&JiSJiJc-rSo 3©*g^©1 Ji»j©J?;*t(i, 

0. 3-5 0 nm x Ji*)»mzlt. 1~5 0 nm, 0jx 
If 2 OnmkU fflfiE*<G a Ni;J6t\(@3 nm (=3 0 

[0 3 7 3] ;*t,\T. Jf<*0. 05 — 0. 5O/*rm0J 
xlf, 0. 2AtmT, *&WM&t>< 1 .0x1 0"~ 

1. 0x10"cm\ Wxtfs 2. Ox 10" cm-' 
©Mg K-7©pSA 1 ( is Gain N^5«v KJI4 2 
O.&tf. m*0. 1~2. 0/um, 0. 5 fx. 
mT, ^*e«ji&gjb< 1 .0x1 o"-1 . Ox 1 0"c 
m~\ 1. 0x1O"cm''(0pSGaN3> 

[0 3 7 4] ;*U7:, nSS i CS«©^®l;(in1W@ 
&i:UTJP£1 0 0nm©Nig&&iSl*£fc#fc|;: v p 
§?GaND>*>> Uf±lc:iipfl!!S&i:UTJ?£1 0 0 
nm, *SW*<3Aim©N i eg&ISIt, rtJif|gL*<7 
0 0 /i m £ & £ «t 5 IzmttWIT 5 d t Id «fc z> T S Q W 

-. [0375] d©mi s<Dnm<Dmmzi$i*xit. *® 

*£ln£*ftfii£JjQ£i±*,Ii:li;te<, T> K-^irT-S 
[0 3 7 6] «cj3. ±|g(D^1 5©H)|£©»®lc:tJt\T 

i*. ^Jnsit*faji4 2 5&mM&mi><m&mziz<t-f 

£ <fc 3 lC4SfiR-r * C tl3«fc oT/Jx — ^©JiA £ * A - X 

fcg<tTS£JIflii§T«fi&LTtiU^©T-fc*o 
[ 0 3 7 7] (Lt s 3M8B.8a>Sg 1 3 71MI& 1 5 ©SIJS© 
Jfc«!£I&«BLT *«^ttHJ£©JK®©«lfiElc:|!g 
S.Jl**.©-!:!*^, 0ix.lt. mi 3 74Mtg1 5 ©Hit 
©JfcJSKrfcUTIi, (fcfaii&GaNjjHWi. «&©£$« 
^♦s©as»A'GaNl3«:5«|cHgfiELTt\S/)<. Al G 
aN§Et\|±I nGaNtLtt^UtffllrfcS, 
[0 3 7 8] ±fB©&1 3 7JM$g1 5©H)S£©Jf$ 

ISlCfcUTIi, JSItgtUTI nuiGainN/In 



Gan. Nfr£fc£ S QW«ig£i$ffl LTUZtf, 
&gfc-t*fcf|lc:j&l;T;g£tt«:A1. Ga,In 
i-.-, N (0£x<1 x 0<yg1 ) ©KfflrtTr&xT 
*.&Ufc©Tfc»K ^l;#5t, KJI& 

Z/$>7V K/I©>!lllt£A 1, Gai In,.,, N (0 
^ a g 1 , 0 ^ b ^ 1 ) ©eeBrtT&xTt&U„ 

[0 3 7 9] £fc N ±!3©!g1 37iMSfM 5©jt*fc©)fc 
WcfctvCtt, >£t±J§& S QWffijiT«lfiJcLTt\4 1,© 
© N MQW«igl~UTt,&U*,©-*;fc»K -©^ld 
It. Mx\lt, m$ 1 — 1 0 nm, mX-it. 5nm©7> 
Kt^I no « Gao « N/t UT'/Ii:!?* 3 — 1 0 n 
m s fflxl£> 5 nmd)7> K-7 I no « G am N# 
j Ef /i££5lc:7 7 :> ni.nGai.it N#pl*<2 

~1 0®, tfjxlf. 5/|C-&£J:3CJtta&-&*;L*:G: 
«fcoT. MQW>mJi€:}f5fiEt-*l«^lXo 

[0 3 8 0] ±£©HjSS©Jl : SfBK:fcl\Tli, p 

K - :7 LTt, & u ©7: & o 

[038 1 ] 01 9Slf02 0£#RBUT, MQ 

Wj£ttJB£tttJ£t-« / f U 7/1©;?* $^t£ ZtlZj: 
^i'UT'ro^-jiAfc&eU **ll3«fc^>T. U£ 

1 7©HAfi©)f5©^UiB^r-2>„ **\ 01 9£#JfBUT 

*^iw©^ 1 6 <r>nm<Dtem<DmeLfk*m& u — tf^&uj 

^-Tio fcifc. 01 9 (a) It. *&lE©£n 6©gU£ 
©jT5JS©MQW^f*U— tf©|S|«0Tfc"?> 0 
19 (b) l*E1 9 (a) Kfcl\T5ftt!l©R-I:jjrrMQ 
W jSttea^©/i«U§^ *r*fc*H-CI& * o 
019 (a) RU (b) #K? 

**\ (000 1 ) Ek fip^. c 154*15 t-T5A*S 
©6 H-S i C6Mi&§ n^S i C&tS5 1 1 ±iZ. T 
MGa, TMA 1 x 7>t-7v Xlf. 'J7*'^ t 
tT©*S&SS*Xi: LTfflt>tMO V P Eftllio 
T> «JfiEEA670~7 60Torr,mit 100 
TorrtU At«igjS€: 8 0 0~ 1 2 0 0°C, MX 
It, 9 5 O'CfcUfctt^T. f*50~300ntn, W 
Xlfx 5 0nm©Al GaN/t'y7ri5 1 2$:^* 

So 

[0 3 8 2] ?l$^t>T, TMG a, 7 , >^E^7 , N K — 

m&fflt>T, ^E*^70~760Torr v «i 
(fx 100TorrfcU fi£«jSJg& 8 0 0~ 1 2 0 0 
•C, Wxlf. 9 2 0 o Ct U/ctt&T-. 0 . 1 ~2 . 
Omuk Wxlf. 0. 5*im^ ^l«1«!lJiJg*<5x 1 O 
"~1 x 1 0"cm'\ WZlt, 2x10"cm"'©n 
SGaNWS 1 3S^*t5, 
[0 3 8 3] 5l£ttl>T, TMAK TMGa>7>t 
— T'x K-/t>Ki:LTS i H, % Rlf, *+VTXX 
£ L/T©^k%^:ffl^^T. fiilE^&7 0~7 60Tor 
r . W^lf % 1 OOTorrtU fiJc^S^t 8 0 0 — 
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1 2 o o*c. mi* . 9 5 o°ct urcttKT, o. 

1—2. OAirtK 0«;U*. 0. 6AimT, ^Ftttlif &6< 
1. Ox10"~1. OxlO"cm\m^ 1. 
0x1 0"cm' , ©h3iA 1 • » G a*.« N*?y KJi 
5 1 4&j&g£-t*S 0 

[0 3 84] 3|£&1>T. TMGa. T>^~7. & 

0 — 7 6 0 To r r . Wz.lt. 100Torri:UfiE 
S£g£8 0 0~1 2 0 0'C. WiK, 9 3 0*CtUfc 
«T N S*1 0-3 00nm, 0S;Ltf. lOOnmCD 

[0 3 8 5] 3|#^UT. TMGa. T M I n . 7>=E 
-T> *i'U7'*'Xi:Lt©N I SfflUT, J&g 

E*£70~760Torr,miis lOOTorr 
i:L. J$gjg&&5 5 0 — 9 0 0"C. 0Sx.lf. 7 0 0*C 
k. LfcttfST?. 1 n m~ 5 n msfcjU. . 3 n 

rn©7 , >K-yi nuiGaui NJiVTMS 1 8"C» 
*t**lfe®*3~1 Onm, 4nm(D7>K- 
^"1 n. tiGa. u N-J»x^5 1 7&2 — 1 OJB. W 
3@fiJS*-ll:TMQW}5i±J15 1 6£Bf£TZ 0 

[0 3 8 6] 3l£*$l,\T. TM G a x T>^-T. R 

0~7 6 0Torr,mtt> 100TorrtU« 
^Sg&8 0 0~1 2 0 0°C. 1 1 3 0°Ct U 

fcttSf, f*1 0-3 0 0nm, Willi. lOOnm 
COT> K-^Ga Nit*--f KB 5 1 9€r^*-t+i 0 
[0 3 8 7] ^It^UTx TMAK TMGa. 7>"E 
-7. t^^^Q'O^yl-Jl,?^ A. J&tf. 
4 i 1'U7'*-Xtl,T<DN, fcfflUT. /£gEE*&7 0- 
7 6 0 T o r r v «x« . lOOTorrtU fifcgjg 

jg&8oo~i 2 o o°c. matt. 9 5 o°ctLfcttig 

7v f*0. 1-2. 0Atm x 0|x.tf. 0. 5/xmT. 
^tt^Sg&A* 1 . 0x10"— 1. 0 x 1 0" cm\ 
0Jx.f;f. 2. Ox 1 0"cm"'©pS2A 1 .11Ga.11 

[0 3 8 8] 3I#«£UT. TMGa. 7>*-7. tTX 

^tLTfflN, fefflUT. f3L&E.t>£ 7 0 — 7 6 0 T o 
rr.eSxtf. 1 OOTorrtU, fiJligg&8 0 0 
— 1 2 0 0"C. fcUtf. 9 3 O'CfcLfctfJgTr. ®£ 
0. 1—2. OAm, #|x.l*. 0. 5 /imf, Ttt^ig 
Jg/><1 .0X1 0"~1 .0x1 0"cm \ 
1: Ox 1 0"cm" , ©pSGaNa>^^ hM5 2 1 

[0 3 8 9] nSS i CStS5 1 1 (D^SIctt 

nmm&£ LTm$ I 0 0 n m© N i @& 5 2 2 fcKI* 
&fcttl3. piGa N=i>*£ 5 2 1 ±l3lipflim 
@fcLTJf£ 1 0 0 nm. *§W/><3/*m©N i 2 
3 £181*. #MSiSJIL*><7 0 0 m m fc 5 l3fTf# 
&J-T * 3 1 13 «fc o T M Q W^f* I — ifh^f$.+ i c 



[0390] 3©*$8f8©S(! 1 6 ©StjSSroB/SKfcUT 
(i. MQW>£t4JI5 1 6%mf£TZtV)Tmo>m£&S 
nmSfejgKUTU*©"!?. * V U 7'©>±Aiai**<at#* 

[o 3 9 1 j «e*©rasi8a&siss«ai©^ft: 
©«£i3i*. iv)Tm*n< Lrz&sizi*. &»iijg&© 
^aiu©r<ga/)<ir**<v *$w©j;-5fc:M h-5-f 

K*fls^*5*S#©«-s»3ii. +-v U7-©*r9i®gj!><* 
#ufcto)&»iisa©&*a}L/><a>fc<. 'wrmomz 

£ 5 nm*;gl3 LTfc&^*!lf#©S&Sfe©©T<*KSl3fc 

[0 3 9 2] J^*JTm<Dm^\t5nm^-C'tbH 
<£+#T:fc»?> AU710I n|flfi£itliO. 04 

*£*5ai3fijffl-r2>fc4&l3(*. /t'J7/l©f^*3nm 
ttTtL, 1^, I nGaNjb>&&4/X'JTJl©Inffi 
*£]t£0. 0 4tt±(3r3>3fcl3«fcoT. *&Iltt©S&<t 

s*rct&</xu7'ji©^i<i^*g$:'jx^< u. mmo) 

fe£ £<£ < r S CI 1 13 «fc z>T* +• U 7'©;±A«J*S«fc 0 

[03 9 3] #13. 0 2 0 £#J«B LT. L~ctyy 
7-f7-a«^ffltxfc*^©^1 7©^*£©Jf*S©MQ 

0 2 0#J8 

0 2 01*. *$gf»©$fl1 7©^*6©BS©MQW^3l* 
U— *f©f4«ET-fe ►) . (000 1 ) W&ZMkL 

tit7 7-f7Stg5 3 1 ±13. TMGa. 7 y > ; E- 

txfcMO V P E>Sl3«fcoT. fiXSff*$:7 0-7 60T 

0 r r . #Jx.(f. 1 OOTorrtU 50 0'C©fiES 
SJg:l3^}t^T. m$ 0. 0 3/zm©GaNfiig/ty77 
15 3 2€rfi£«*-liri 0 

[0 3 9 4] ?|#^t%T> TMGa. 7'>^E-T, K — 
/t>hi^tLTS i H. . RV. *+ l J71iXtLT*. 
n&mi\T. fitgff*S7 0~7 6 0 To r r . fljx. 
. lOOTorrtU fi£ft>g&£ 8 0 0 — 1 200 

•c. 9 2o i ctufcttSTr. mzo. 1-2. 

Oium, 1 . O/imT-. ^F$ifi*Jig^6< 5 x 1 0 

"— 1 x 1 0"cm-\ MTLlt, 2X1 0"cm-'©n 
SG a N mm 5 3 3 -2» 0 

[0395] ttTit. ±ie©m 1 6 <Dnm<Dm.mo>mm 

(3.JP^0. 1—2. OMm.0jx.IS. 1. 0/im-C. 
^««9^/)M . 0x10"~1. 0x10" cm'. 
Wxlt 1. Ox10"cm"'0)nIAl «. it G ao.it 
N*^.y KJI5 3 4. Jf* 1 0-3 0 0nm. 

1 0 0nmfl)7> K-yGaNM-f KM 5 3 5. MQ 
W>SttJ15 3 6. H^1 0 — 3 00nm. fllxtf. 1 0 
0nm(D7>K-yGaNM'f KJ15 3 7. m$ 0 . 
1—2. 0A£m. #j^l*. 0. 5AtmT*. ^t*«!)igje)!)< 
1.0x1 0"~1 .0x1 0"cm-'. MjUt, 2. 
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0x1 0"cm-'fl)pIA 1 i.uGauiN^79 KJi 
5 3 8. m$0. 1-2. flUWU 0. 

5 AtmTx ^Itl&agtf 1.0x1 0"— 1 . 0x10 
" cm *\ Mx.lt. 1. 0x10"cm"'(DpSGaN 

M|5 3 SSrie^xtf^+^^^fiEfi^-ttSo 
[0 3 9 6] fcfc, C©^©MQW)St±Ji5 3 6t, 
f$1 nm~5nm*^ 0ixli. 3nmCD7>h , -7 
I nui G a mi N/\ , )7 7 M~t:fr1&cSti}z.fl££ 3~ 1 0 
nrru 0SxlJ x 4nm©7>K-7'In l .iiGai.iiN 

•t/*jum*2~i om. wait. zmt&^itxmfS.r 

5. 

[0 3 9 7] JfcUTr, K^-fi-yf^yCJ:*) niGa 
Ntfia/15 3 3©-gp£gai*-ttT, n«M®&i:UTT 
iW&5 4 0*WLl+Z>£mz. pIGaN3>*i>hl 
5 3 9±KI±pflieffii; L-CtgW#3/zmCDN i gg5 

Wk.&2>f®ffiL W7 0 OMmt^tS— WOT^FfT^iaffiS: 
KfSLt & 3 £ IZ «fc o T M Q W *mt* U - V b^tiLT Z> a 

[0 3 9 8] z<o*%W(D&ii 7 (ommmmiztiur 
Mowiitti5 1 6 &&f$.TZJtv rmcomz z 5 

*U ^h.KJ:oT*vU:r©^-;±A£fc<-rc:fc/>< 

[0399] ife. c<o^t. nvrmnmrnomm 
itiz&zm&i&iihmzmmzmmTztztbizit. n*)7 

I©l*S3nmWTi:U JLo. I n G a N fr£ Jfc£ 
rt*JTm<DI n|§j£it£0. 0 4VL±tzT&Z£lZ*o 

* «t •? afee r 4 c: t *<t? ^ i o 

- [0400] VL±. *£«¥!©& 1 6 JSl um 1 7 ©sys© 

&m&&WLTzrzi}K *^i*±ia©tgi 6&tmi 

7<D^S£©^S©«fi£lCfEf.*l.i,t,©7:l±!&< . 

it. I£1 6»if^i 7<DSi*t©fl5@ic:fctxT:(*. ^if 
T#j5>SteJli: LTIn, ,iGaMiN/I n o it G a. 
MiNfrt,fci,MQWffijg&i$fflUTU.&*»< x 
3i&g|3j£l;T;g|iit£A 1, Ga, Im-, N (0 
gx<1 x 0< y ^ 1 ) ©KHrt-USxTt^t^ODT- 

©jBHit £ A l.Gai In N (O^a^K 0 

[040 1] ftlZ. 0 2 1 2 3S#ilTv *- 

A-7o-R*i)JI. Hi^v xu* ha>7D7i»iS7 

<Dmm*%iwtz 0 H2 1 &#j>a lt*^©i 

1 8©^j&©ff5fg©MQWJ#^#U-tf£i&lfl-r*o 

02 1#fS 

**\ (000 1 ) ® N EP^ S c®£±®£:-t 4A#H 



©6H-Si Cfr^nlSi CStfi6 1 1 ±13, T 
MGa, TMA1 „ 7>"E-7. RV. *+V7iiXk. 
LT<D*.m%f£&1iX £ UTffiUfcM 0 V P EfclZ «fco 
T> RtSEAi7 0~7 60Torr,mit 100 
TorrtU Jdc^iSJtfc 8 0 0- 1 2 0 0°C, 
(*» 9 5 0'Ci: UtttSTv I# 5 0-3 0 0 n m,^ 
z.lt. 50nm©AlGaNM977l61 2^fi$ 

[0402] 9lftftl«T« TMG a x 7>^7, K — 
/X>HgtLTS i H. , RV. *+V7iJ7.£LT*. 
m^m^T, fitfiE*S7 0~7 6 0To r r. 01*. 
If, 100TorrtUfit^iSgS800~1200 
°C. 09x1*. 9 2 O'CtLfcttJgt. J?£0. 1-2. 
0/im, 08xlf. 0. 5/xmTv ^ttl&ag^S x 1 0 
"— 1 xl 0"cm"\ Mz.lt. 2x1 ©"crn'ron 
SIGaN4>fig/i6 1 3 

[0 4 03] 3l£t£(.\T. TMA1, TMG a, 7>*E 
-7< K-/^htLTS1H l ,Mx+t l J7*'7 
£LT©*5!t£fl3UT. «SEA* 7 0-7 6 0 To r 
r. Mil 1 OOTorrtl, J&gia£&8 0 0 — 
1 2 0 CC. 0Jxl*. 9 5 0°Cfc U^ttSTv 0 . 
1-2. OAtm, #|xlfx 0. 5AimT. ^*fcfc2gg/>< 
1.0x1 0"-1 .0x1 0"cm \ Wx.it. 1 . 
Ox 1 0"cm''fflnIAl MiGaui N^77>"I 
6 1 4&fiSJ|;Jftt*o 

[0 4 04] SltffilwT* TMGa, 7> : E-7' N » 
If, *t'J7*-XtUr©*f6fflUT^ /«:EUE:*)&7 
0~760Tor r> Mz.lt. lOOTorrtUfit 
:Hj&££ 8 0 0-1 20 0'C. Mz.lt. 9 3 0*Gi: Lfc 
ttfSTx 0 — 300nm, Mz.lt. 1 OOnm© 

7> K-yGaNJt*V K®6 1 5&fiSg*-tti 0 

[0 4 0 5] 3I£HH*T, TMGa, TM I n, 7^ 
-7. RV. ++'J7*7tlT©Ni Zmi^T. fi£g 
E*S70~760Torr,«xK, lOOTorr 
fi£^iSS«:5 5 0-9 0 0°C. Mz.lt. 7 0 0°C 
t UfctttST, 1 n m— 1 0 n m. Mz.lt. 5 n m 
©7>K-yi nmG ai ii N/t'JTJlT-^li^tlfc 
m$ 3 — 1 0 nm, Wxtf, 4 nm(B7> K-7"I n 
i..iGai,iN<>l^iS2~1 0^, Mz.lt. 3^fit 

[0 4 0 6] 3I£*^UT, TMA1, TMGa,?^ 
—7. RU. *tU7#^i:UTfflNi fcfljUT, l&R 
E*470~760Torr, ffjill lOOTorr 
£ L. fiJc^jSJgfe 8 0 0-1 20 0°C, Mz.lt. 950 
'Cttfett^T. J?£5~3 0niTK Mz.lt. 20nm 
©7>K-7Al..uGa..i!NiL'i' hD>7o«;^ 
JI6 1 7&tft&£ikZ 0 

[0 4 0 7] ?l#^t\T. TMGa. 7>=E-7. 
«>*D'<>^virj|,?ni")A, JkV. *+i)7H 
7>£ L7T©Ni i&ffllxr. fiS^BE*€:70 — 7 60To 
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r r x «iK, lOOTorrfcU fi£«i8g& 8 0 0 
~1 2 0 0'C, Mz.lt. 11 3 0'CfcUfcttfln?x 
1 0~3 0 0nm, fllxlfx 1 OOnmT, ^Wfamg. 
#1. 0x10"~5. Ox 1 0"cm\ Mzlt. 
1. 0x1 0"cm"fl!)pSGaNM-f KI6 1 86 

[0 4 0 8] ?l§^l>T, TM A 1 x TMG ax 7>>* 
-T, exist dsOtSsJi- JUW^is^A. RV. 
*+*J71SX£LT<DU, gfflUT, I&gff7j6 7 0~ 
7 6 0 T o r r x Mz.lt. lOOTorrtU fiE^S 

g&eoo~i 2oo°c, earn. 9 5 o a ct Ltz#m 

X'.MtsO. 1—2. O/im, «iB« 0. 
^*fe«52gjga< 1 . Ox10"~1. Ox10"cm\ 
Mz.lt. 2. Ox 1 0"cm" , ©pS2Al,..Ga... 
N^7«;KI6 1 9£fiEf|£-t*:*o 
[0 4 0 9] ?|^UTs TMG a v T>"E-T, fcT* 

*fcLT©N, SfflUT, «fiJE*&7 0~7 6 0 To 
r r , Mz.lt. lOOTorrtU rtc^JgJt^ 8 0 0 
-1 2 0 0°C. Mz.lt. 9 3 O'Ct UfcttfSTx 

0. 1 ~2 . 0/zm, fllxtfx 0. 5Atnn1:. ^|i£*5jg 
j&*><1. 0x10"~1. 0x10"cm\mit 

1. 0x10"cm''«)pl6aN3>^i?hM6 20 

[0 4 10] /fcutr, ngS i Cg«6 1 1 OSSICI* 
nffiflSffii: l/tg* 1 0 0 n mffl N i 6 2 1 
SfcttlC. pSGaND^i- KJI6 2 0±l;:lip<Mfi 
gtLTH* 1 OOnm, «@W/><3/zm©N i gg6 2 
2&&It\ *«fS^LA<7 0 0/zmt&4<t3IZ}g : ?» 
SIT * £ £ fc«fc otM Q W^fc U — if tffZ&lTZo 

[0 4 1 1] C(DS&1 8(DH*fiO!)»(SlCtJUTIi. Al 
• ■•Gain Nib£ ha>yoiy tmWTis Y-~7M 

Vfc&St-rStfx ^ttfefc«t*m/)<fe<&.5©Tft 

*ho>7o»^IS5. Ox 1 0"cm"'~5. Ox 
1 0"cm , fIfi©^#1^g©pSJlTJ&jaLfc*§^ 

idii* - )MDiiA$im<o&.m®>mbm& <* t, ©-?& 

tom&l*. -te^ldttl .0x1 O l, cm' l ?ftrcfeS 
(Dir. SOW K-^L/c^l-*,, 1 . 0x1 0"cm 
'i&mT'tbMt. 7> K-7JIi:|i?«©a&*/><f§ 

[041 2] ±ie©im eomi&ommz&ifz 

££x n«3t#-f KJII*7> K-rjf-trJSfiJtUTlt 
*#x nS®TffifiEUTt,^t»t,(D-x?fci.o 
[0 4 13] ^ICx 12 2MS2 3£#H?l,Tx 



W©S& 1 9 ©fU6©J£J§©M Q W^gf* U — tf £ii»ET 
£o fcfcx 0 2 2 (a) (ix *Se«H©f&1 9©Hift©J& 

£fcx 0 2 2 (b) I4x MQW>SttJiJfi«i©M>Ky-f 
t^AnO, ir&E* g) 2 3 l£8)&©S&S807:fc 

So 

02 2 (a) #fiS 

ifx ±I2©S&1 8HiE©Jf^i:^<P«l3x nSSi 
CS«6 1 1 ±C, AlGaNn»>77i612, n£ 
G a N (fc|g|Ji 6 1 3 x nSA 1... Ga.., N£5«y K 
1614, 7'>K-^GaN3t*--f Kg 6 1 5x 
MQW>mS6 1 6&JBfi&-f*o 
[0 4 14] ?l!*^t\Tx TMA 1 x TMG a v T>* 
— T. tXv^D'<>i'yxr;Rn>")A< »tfx 

7 6 0 T o r r x 09;ltfx lOOTorrtU fiSfijg 
tS800~1 2 OO'Cx Wx«x 9 5 O'CfcLfcttfg 
Tx TM A 1 £ 0 A x £i&^l;iiSlwlHjl£l«J!jQ£"1tTJ?£ 1 
~2 0nmx«xtfx 1 0 n mTx ^«*32&£/)< 1 . 0 
X10"~3. 0x10"cn-\mK, 1. 0x1 
0"cm"'«)pSyi--f«; KA1GaN16 2 3 SrfiE 
«*-ttx ftOTx TMAI/TMGAit^-^CtT 
l*1~2 0nm, fclxtfx 1 0 nmTx ^m»m&.& 
1.0x1 0"~3. 0x1 0"cm"'x Mz.lt. 1 . 
Ox 1 0"cm' , ©pSAln.Ga...i NJI6 2 4£ 

;^t\T*x TMAl/TMGAit^$:0*TjS 
MttllZlA'PitlkTXZ 1 ~2 0 nmx Mz.lt. lOnm 
Tx WfeiS£/>< 1 . 0x10"~3. 0x10"cm 
\ Mz.lt. 1. Ox 1 0"cm'»piyu-f? K 
A1GaN16 2 5^fii^ d*ie>© pffi^ U-t 1 
>yKAl G a N16 2 3 V pMA1.nGai.uN16 
2 4x»t/x pS^l — K A 1 G a N/S 6 2 5l3<fc 

h □ >7o y ^Jl 6 2 6 ZBtitTZx, 
[0 4 1 5] ttftttx Stfx ^1 8©Hifi©J^J8t^< 
|s|«ll3x pSGaNM-fK16 1 8, pBAImG 
auH*7* KI6 19, Xt/x pIGaNJ^* 
H6 2 06i;MSxf^. 

[0 4 16];*UT:x K7-f-H/f>^l:J:»)piG 
aN3>^^H62 OMpSAImGaiuN? 
7»yKl6 19fe/tl9f>y*L, nlSiCStS6 
1 1 ©aatttn«i©Si: LTi?£ 1 0 0 n m©N i © 
®6 2 1 €riSlt-5.fcttl'x pSG a N □ >^ ^ KJi 6 2 

o±ic:i4x h^-izf&.mnzm-tzs i o, me 2 7& 

^LTpfi"ISffii:l/T^* 1 0 0 nm©N i 2 2 

fclSttx #tSS^L/)W 0 0/zmfc«:S«fcdlx:« : f7>Sd 
■r ^ d t IZ «k T M Q W *^(* U - tf *<^J3cr * o 
[04 17] H2 2 (b) #IS 

w©*$8g8©Sg1 9©HJ£©mSl3fct^1±x pSiU 
>> ha>^D^»J16 2 6£x piyu-TfKAlG 
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aNJ§6 2 3. pMAUuGaMiNI624« & 
If. PS^ b - f 9 K A 1 G a NI 6 2 5 I: ioTisS 

^tilZ^^T, n«i;fiUTIiMQWiS 
1±JI6 1 6£tiS/$fS I ninGatii HJiVTMtp 
mPls-TV K A 1 GaN^6 2 3fc©ra©m^SSfa* 
©S£?Si:&<-f 3.i:ft<-Ut, **i(3«fc^TI ru,»G 
a ( .tiN/f'J7JI£:p£?U-7 : y K A 1 GaN§62 

3 toRmizx-JuzMTzntiLmmtti:*/ v=f-im 

[0 4 18] 3:fc\. p(Ml3#Jt,»TI*pSGaN3fe*f-f K 
J16 1 8tpS^U-T>y K A 1 GaN§62 5 £<Dffl 

SGaN3t*''f KJI6-1 8i:piyu-f"y KA 1 Ga 

[0 4 1 9] LfcA<^T\ pSxUi? ha>7Dyi»I 
6 2 6©S50Jlc:tJtxT, *->M3ttrseffiP?Si:&£ 

[0 4 2 0] 02 3#fig 

E2 3tt, P Syu-rvKAlGaNI623Mp 
S^U-^-y K A 1 GaN16 2 5 fciSttfc^©^ 

&ittB^r*fci&<D^5 3. >izj:zn&-n%,n 

^•y KA 1 GaNI6 2 3&lf p§?y U-^>y KA 1 G 
a N/16 2 5 &jgl*£d St*(Dttl3, 
-7d-R&liJI, fip^ x xU? ha>^ , a«y^@ir^U 
— r-y KJIfciStt&UJg^lClfc^T* ffiBefiEfeflE<7: 
, Siit *><Ji*E £ *u z: *vl*±i£©«i3 y «y ^©jfMfc 
u £ c: t iz&mr i t, o-utb s o 
[0421] 3&fc, d©sjn 9 onmommositwizti 

UTJi, ^U-v^y KJ§&«fi£/><-^<DpMAl...G 
a i n NJI6 2 4©F5W(cSI^Tt\4)b<. (sj^^-^© 
*l3iSI:>"Cfc£l^©-?;&»). PSTjfStt-Slg^lCit^T 
*-^©>£A$ft*©efc#©flJgli©tvt.©©, y-|/-r 
«y KS€:iSlt«eu^l3ifc^T*-;KO>±A3a)*^5k« 

[0 4 2 2] £tz. ±te©S&1 9©ft*t©«*J8l3fcUT 
tt,-pBiU* hD>7Dy^f2 2 6<D^t*«5i8gt 

1. 5x 1 0"cm'«J:, 7x10" 
cnT'L^Lt©^^ K-^LTtftOferorfeOx Z 

t> y ♦y^©>^jfSlc«fc**-;u©)±Aia»*©8Scet©S5 

[ o 4 2 3 ] * e, i3, xt2©$g 1 9 ommonmiztnf 

^Pixi'V hD>7Q*;7l6 2 ±13©|g 1 8 



©*i^lCli, 7>K-:/<ti;:f*5*-Ji>©fi&f£ii&© 

l»l±(3«ti*-^©)tA^©aJtSt> V 

«fc 5. * - /K»SA«l$(Dill!ii:fflS*(DS4W*n 

5. 

[0 4 2 4] ±ie©mi 9©£?Jfc©ff5!g;&tf*-© 

M&WEfcUTt* pWtiSA Kg*pSGaN5t*--f 
KS6 1 8©ft;b»?l37> K-7GaNM-f KJifeffl 
l>T«|fi&bTfc&<, n<W5t*--f KJB£7>K- 

7*GaN)t*V KJ16 1 5 ©ttfc •? CnSG a NJt**-< 
KJ1 £ m ^Tffirit t T t ft U„ 

[042 5] l*±, *S&l?i©SfS 1 8 JkVt£ 1 9 ©$|Jft© 
ff*fS£iitfEUT# *^li±|g©^1 82ilf^1 
9©flJfc©Jfcfg©ffi/£l3Bg£ft£fc©TMifc<x Wx. 

ffluTtftut,©TioOs ^©^ici*. sr, t**t 

Psltil'v (000 1 )M±Itt5t77-f7StfU: 
13s TMGa, 7^x7, &U\ *t'J7*7tUT 
zk^fefi)cS*"^t LTfflU/=M0VPE^l3<fcoT. /« 
IEM70~760Torr>fflxH, lOOTor 

rfcU 5 00"C©fiJ^igjgl3i3l\Tx Jl£ 0 . 03m 
m©GaNffig/<.y77i^fiE^ N &l*Tr. TMG 
a, 7>^EX7. RU. tvy7#XilT*SSil» 
fitIEM7 0~7 6 0Torr,mil 100 
TorrtU J*«igJ&£ 8 0 0~ 1 2 0 0*C, 
lis 9 5 O'Cfc U/cttfST:. J?*0. 1~2. Omih, 
0J*.li, 1. 0Mm®nSGaN^€^^«i, 

[0 4 2 6] JiUSte, ±|B©^1 8M«1 9 ©Hit© 
J&f8©£<H«l3. nSA lid G a i. ii Ny?vK 
JB, rtfflGaN^-f KJlv MQWJS14JI, xb* ho 
>^a>y^g x pfiiGaN3t*W K« s pSGaNM 
-f KS, pSAIuiGai nN^^Fg, p 

[0 4 2 7] ;*t>T. ^tiwi^ii. itt*M)immz. K 

• X«y^>^|3«tt3 p£GaNlMplAli.i. 
Ga.t.N^5<y K^^ ^+rx.y^>^f-5 t«l3, n 
SGaNtfRaJgro-gS^Stii^-ttT, n£?G a fSUI 
©Sasg?l3 Ti/Au *^«:S nflySSSISItS t& 
C> pSGaN3>y 7 KJl±l3li^ h^-f^ttBiPS 
^TSSi Oi g^UTN i /Au^e.«:-i > p«ieg 
&IS:l:f\ *i\T?K5-f • x<y^>^€:«£bTftt62l®t 

[0 4 2 8] ifc. ±12©^ 1 82Umi 9©H«i©^ 
fS(3*$l»Tli. ^Sft^^Sli^t LT I run G a 
..•» N/I nt.ii Gain N/) N ^>^eSMQW4Sja$:}Sffl 
LTUS*< N «&Si:rS>i6^l3rt;UT>gSlt«:Al. G 
a , I n i-,., N (0gx<K 0<y^1) ©^fflrt 
T^^.Tt,ftt\t,©Ti?.»J, flo. =£tllZftz>T. jftii 
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-< KJK&U97* KJKD>!Hit£Al. Q a , I n 
.-.» N (O^agK 0 ^ b g 1 ) ©eartTSSiT 

[0 4 2 9] mz.lt. ±IB©M1 8»V^1 9©Hifc© 
JftBCfctiTll. /(yTghLTIilnGaN-)!;!,! 
KttUTI nGa N£ffll»Tl\£jb<. InGaN©ftfc 
»>I3A 1 GaN3H\|*GaN£ffll\Tt.&Ut.©T:& 
»K t$l3s Al GaN§£uliGaN€:fflt\^«-&|z;li, 

[0 4 3 0] MZ. 0 2 4 73MS3 0£#J!SUT> lb 
£ h □ >^D «y ^^©^««5ig^4 7 x 1 0" c m'tt 

6 0 0 a C~9 0 0°Cfr*z:i:l3j;-3-c. «^F©*-/t 

*&B.8©S&2 0©HJS£©^$:ift^^-S o 
**\ 02 4&#B8l,T\ *3SSi8©Sg2 0©ftjft©J&!g 

©*i»^¥S{* p -if ©Siam&iaiB-r * „ 

0 2 4#RB 

ttx Sfc&H' U-»l;:«fcO/^>>/fcgc*-t±£. (0 0 
ODI, IPS, c!?:±Str4A*Sfl)6H-Si 
Cfr6;6e4*f'J72gj£j!><4x 1 0"cm"'©ngS i 
CfitS 7 1 1±IC TMGa, TM A 1 x 7>=E-T. 
K-/t>h»fcUTS i H< x Si/. *t'J7*^tL 
T©*3££/ikg;tf * fc 0 V P E ^13 J; -o 

T\ J5£SE:*)&7 0 — 7 6 0 T o r r „ WUlt, 100 
TorrtU /iSSig££8 0 0— 1 2 0 0°C X Wx. 
tfv 1 f*50nm~5Mm, 
3 5 0 nmT, ^^m&ii^^m&ii< 5 x 
1 0"~1 x 1 0"cm\ miix 8X1 O'^m"' 
fflngAlMiGa.nNMy77i71 2 
•5. 

[043 1 ] §|£^UT. TMA1 » TMGa. 7>=E 
-7. K-/t> htOTS i H. % &U\ *t'J7*-X 
i:UT©*Sg£ffll\-r\ J&£ff;k£7 0~ 7 60To r 
r x 0Jx(£ x 1 OOTorrtU /&gS££8 0 0 — 

1 200'C. MUli, 1 1 0 O'CfcUfcttfgTN 

0. 1—2. 0 urn. WiLli. 0. 5 5/xmTx 'Fit*!) 
a&&A<1. Ox.1 0"-1. 0x10 M cm\«i 
If, 2. 0X1 0"cm" , ffinSAlu l Ga.. ll N^ 
7«v KJ§7 1 3&J&g;*-ttS 0 

[043 2]?|§gUT s TMGa, 7>tr7, K— 
/t>hfcLTS i H. x Ms +tU7^i:LTffl* 
Sl£ffiUT\ fi£«£E*4 7 0 — 7 60Torr t 0gx, 
If. 100TorrtU«EgiSgS800~1 200 
•C, Wx.lf . 1 1 0 0'Ci: UfcttSTr. fi10~30 
0 nm x 0jx.tf x 1 0 OnmT, ^tt«3i§gA<5 x 1 0 
"~1 xl 0"cm\ matt, 2x 1 0"cm-'ffln 
SGaNM-f KS7 1 4 Sfi£^*-lt*o 



[0 4 3 3] Slt&UT. TMG a. TMIn,7>t 
-7, *1»U7 , **^i:LT©Ni fefflUT. fij^ 

HAS:70~7 6 0Tor r. Will*. lOOTorr 
t U 6 0 0-90 o°c. man. 7 8 0 C C 

t LfcttST, f*1nm~10nm, Wxlf. 5 n m 
©7*> K-yi moiGai ii NMU TMTtiifk&titz. 
f*3~10nm, 4 nm(D7> K-7 1 n 

i.nGaM.N')lAJBfe2~1 OS. Wx-lf. 3/1/8 
H#-t*TMQW>1if±J§7 1 5£Jf5JiSf 

[04 3 4] Sltl&UT. TMA1 , TMGa, 7>t 

*t , J7A'XtLTfflN, ifflUT, J£«E2)«:7 0~ 
7 6 0 T o r r x Wxlf . 100TorrtL, /iEfijg 
g46 0O~9 0 0*C. «xli, 7 8 0*Ci:Ufc«i 
f, J?£ 5 — 3 0nm, 2 0 n mT% =F***ji8 

g/><7 x 1 0"cm''teUu 1 x 1 0 M cm ' 

©p' SA1 uiGai iiNxl/^ ho>7a«y^/17 
1 6£fi&f|*-tt3 0 

[0 4 3 5] 5l&titUT« TM G a . 7>=E-7, tf* 

*fcLT©N ( €JSl\T % /dc^EE:*j£7 0~7 6 0To 
r r . WAIf, 1 OOTorrtU fi&Sjggfc 8 0 0 

-12 0 o°c. e«x.if , 1 1 o o°ct Ltz&mx-. 

1 0 — 3 00nm. Wxlf. 1 OOnmT, ^ViW&g. 
ii K 1 . 0x10"~1. Ox 1 0"cm\ mtf. 
1. 5x10"cm-'fl)pSGaNjfc*VKI7 17$ 

[0 4 3 6] 3I££H*T. TMA1 , TMGa, 7>^E 

+ +'J7'*-^i:L7:©N. Sfflt^T. J«^JE*€:7 0~ 
7 6 0 T o r r . 0g^.(f , lOOTorrtU fitgig 
6«:8 0 0~1 2 0 0U Wxlf. 1100*Ci:tfctt 
m$0. 1—2. 0/zm, Wx.(i. 0. 5 5 Mm 
^^Sgg/)' 1 . 0x10"~1. Ox 10" cm 
\ 1. 5x1 0"cm"'©p§SAl...iGa 

K@7 1 8SfiE«*-tt§ 0 

[04 3 7] 3lt**^T. TMGa. 7>^E-7'.. tTX 

^tLT©Ni €:ffltxT. J&RE2>&7 0~760To 
r r . maii , 1 OOTorrtU fiJt«5SSS 8 0 0 
-1 2 0 0°C. «Jxlf> 1 1 OO'CfcLfcttfST. 

0. 1-2. 0Atm.Wx.li. 0. 1 vmT-s tmtom 
JS/)<1. 0x10"~1. 0x10"cm \ Wxlt 

1. 5x 1 0"cm-'©pIGaNS1 n>^^ KJ17 
1 9«:fi£^*it. 5l£l^-r. piiGaN^I 

hJ17 1 9 tl^i;^-?:. W89&gJb<5 . 0x10" 
— 5. 0x10"cm\ flitf, 1. 5X10" cm 
't?, fitf5~50nm, mf-l*. 2 0nmffip'g 
GaNS23>4'>H7 2 0^^ti. Jfci3 x Z 

<om-£io>f£&mmt. nmm? i 2-71 4ic^ut 
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Ii, 2/zm/h r t L> MQW5Sttg7 1 5l30t\T 
Ii, 0. 3/um/hrtU p' SA 1 . ii G a mi N 
Xb£ hQ>7D'y^J§7 1 6(30UTIi, 0. 9/zm 
/hrtU p§^7 1 7~7 2 OKoUTIi, 

2 . 6 Atm/h r tTZ B 

[0 4 3 8] #1*7:, nSS i CStS7 1 1 ©a®£»F 
£L-T, 1 0 0//mgjg3;Trj5< Ufc© 

i7 h@7207iSpSAln.GainN^7«y KJ17 

*<0. 5 Aim©* h-^^y^^-^^BfA-tio 
[0 4 3 9] n^S i CS«7 1 1 ©Rffildli 

Ni/Ti/Au*^!5:4niatg7 2 2 & !&!:>-£ fc« 
C, p'SGaN^23>*^H7 20±Ctt > ff*. 
Ii, gA<2Aim©* h^^^ttraP€:*-r*S i 0, Bi 
7 2 1 £^ LT N i /T i /A u fe£ pfiMt® 7 2 
3&&tt, ««SfiL/)<7 0 0Atmt&5,«t-3li3g^ 

fc, 3. K^-f^O^iSjli (1-100) 55r|ojtU. §t§a 
BHi (1 -1 00) ®fr* 0 
[0 440] 02 5#JS 

02 5li±ia©Sjl2 0©fS«fc©J£f8©MQW4^{*U- 
1f©e^-*ai:fc*^&»SL7cta*©rt, «t.U#U 

T&O, 0^SH8*>fr«c<fcdl;:, Ltt\f§ftiS<Dg'Jvlg 
li3 8 0mAT^fc. 0i?LfcUt,©©, 4-|sl 

9l$Ufcrt7©g*gtt6 OOmAT, W500m 
AT-feO, ^4xiAH9©U#UfiS35Tfe5 6 5 0-1 6 
0 0 m A , 9 0 0 m A lZtt& LT*miZ L- # Uffi 

: [0 44 1 ] d©««c, p'Sll/i'hO^yD.^i 

^fiKD^Sfi£^XgT^ffi«3tS LED &f*S2 UTSSifc 
X"** MU&iH^Lfc©"*?, ^1&B|2 6&lf02 

02 6 (a) »V (b) #fig 

026 (b) ii, MfcotztbizitmLrzmMmytmL e 

D©«l«&ft<jKffi0-Cfc»K 02 6 (a) li±®0 

t^o, (ooo 1 ) ®, m*>. cm%±mt-tztt 

fa(06H-Si C<i^fe4+t , J7'Jifi/)<4 x 1 0"c 
m-'©nSSiCItR7 3 1±l;, f$ft!0. 3 5A*m 
T, =Ft4«)igJg/)^««j3§je/)<8x 1 O'^m-'OnS 
A 1 in Gam NA«/7 7l7 3 2. ^£A<0. 5 5 
AimTv ^Wtomg.1*2. 0 x 1 0" c m 1 © nSA 1 
iiiQai.iN*79 KI7 3 3,f#10 OnmT, 
TO6*!l©jg*><2 x 1 0"cm"'(DngGaN^h'i 
7 3 4, f * A<5 n m(07> 1 ni.» G ai h N 
AU7Ji-e#J8£;h,fcJ?£4nmfl!>;p>K-:7I n,.,< 
Gam N£:cAJI&3JIfi£g£1tfcMQW>S1±JI7 3 
5, J?£A<2 0 ninlOpiA 1 • ii G a i it Nil/^ h 



D>^a v ^Ji7 36, g£*<1 0 OnmT, ^ttfeig 
Jg<><5. 0x1O"cm'(0pSGaNftAVKI7 3 
7,J?S/><0. 2AtmT, *#«la&g/><5. 0x10" 
cm''fl)plA 1 in Gam N£^v KI7 3 8, g 
£#0. 1 AimTr, ^«9igg/><5. 0 x 1 0" c m 1 
OpIGaN^I □ hJI7 3 9, ©£6<2 0 n m 

Tr, **$*9&6/><1 . 5x1 0"cm'©p'SGaN 

[0 4 4 2]*UT» nSS i CStfi7 3 1 ©^SlCli 
Ni/Ti/Aufr^i:SnflltI7 4 1 £i£l*£fcfc 
tlZ, p 1 SG a NS2 a >^ ^7 M 7 4 OfflSlilctt 

^tE^momo^mr * s i o t si 7 4 2 l-t n 

i/Au^e>*eS*2^fl€i7 4 3£iSI:>-, ^©JiHI3 
N i/Au^fcfc^tf-O^-f >^/t«y K7 4 4£iSI*£ 
Zt(3«torp<WSffi«:^fiE-r4 0 fefc, ^S«flSg7 

4 3$^^UTax.Ttvl > p , 3?GaNt62 3>*£ hJI 
7 4 0<O^(i3 7Atmft7?fc0, fife, Sl^Jili 3 

[0 4 4 3] d©«fc, a®flitSL EDS, pSAI 
• ti Gain NiUi; hD>7a<y^@7 3 6©MgSg 
Jg&0~2 x 1 0"cm"'<DefflTS<b*-tt2>ttt, 
£, pSA 1 iiiGam Nil/J h □ «y £/i 7 
3 6 ©J5&Siag£ 7 8 0'CRV 1 1 0 0*C© 2 0©j&g 

[0 4 4 4] OUT, d©a®$Bfc£!LE D|3 V £SC 
*H*T, 4S1 0 0 At sT. ^&»)b<1 kHzO/tWi 
fe&mijfolZ 1 OOmAiiSU *SB^fte7 4 3/>n£ 

#at£*i*5te£u>x-et6$tL.fc©£, ^u-^-oy 

[0 4 4 5J 0 2 7#JS 

0 2 7li, SliS&ftSL E DtU, e£3fe©£#Tfc* 
JiU? hO>:7a'y*JI©Mg2gjg:a<5x 1 O'^m" 

f> 1 oo'cotmt. m&n-u&zx.i, 

1 Y-a>7n«j$mOM9m&.1*y x I 0"cm''t, 
f$.§k)&m.m 8 0°C(DS»4t©»|^S€:tt«Ufct,a) 
T-$>Z„ 0ib^W6fr&J:9'i;, ^ftCfeUT, I n 
GaNfr£fc.&MQW>£1±JI7 3 5 

*400n m&m(D&ft&&tfmmiZ&< JitoT SO % 
^Jgitl; UT$<] 1 OteCfcoTUSo 
[0 4 4 6] Sfc. tJfe*lfe(^a> L E DldfclxTtt, jftS 
3 6 3 nm&fcr-^KUTcpSGaNSfctf-r KI7 3 7 

^^«^©*it*<lii:^iffte.^^rx coct*^, pm 

GaNI^ K/17 3 7 a-TZn+bm 
<«eofct,©t#^.&ti.*o 
[0447] 028 (a) #88 

028 (a) Ii, I nGaN/)^7i4MQW;SttJi7 3 

5 ICSIt4^^©M gMfe#tt*St0T: fcO . 
ift^B^^frSct^C, 7 x 1 0" c m-'K&Zmz U 
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T«*ggA<&»i;:«lijau titers 

[0448] 028 (b) #JB 
02 8 (b)l*. pSGaNitAV Kg 7 3 7 

frte£?lz. 5 x 1 0"cm- , agfc£i::UT$S#$&g 
tfttjOr**^ 7 8 0 e Ci: L 

Mg$gjgfc7x1 0" c m 'l*±t Lfe^lc:, 

[0449] JJI±©0 2 7 &lf0 2 8 <DjM£ttJRfr& „ 
±ie©^2 0(D§|jMi(DJf^<7)«l;. p* SAlmGa 
niNlU* hD>70«;^I7 1 6<DMgjg££7x 

1 C'cm'tU, Jc»)»JSl3li. 1 xl O^cm 'tt 
±lCf4 3 1 [Z&.i-cn=f- <DX-rt--? a-&fft}tT2> 
Cfcft<7?#, MQW>£t£JI7 1 5 C&lvcflUHA 

[0 4 5 0] 4*1;:. p* MA 1 o .iiGbmi Ni^ K 
D>707*17 1 6©*gS/5E«SS*MQW>£14)i7 
1 5 t^cefflo>6 0 0°C~9 0 0°C. 7 80 

"CtLfc^lC, «j*/)<Sglzfca 0 TK©6 0 

0"C(* I n G a N(D^ISSJ5£«/)<nIil«:igfi©TPg7:fc 
•J, *fcx ±(K<D9 OO'Clil nGaNc7>j&gS&©|§ 

[04 5 1 ] CltDfilirs p' SA 1 iuGai.it Nil/ 
£ (.D>7Q-y*I7 1 6©Mgi&g£7 x 1 0"cm 

*tt±c-r« zt.iz£K>, Wf-oi* -n-yu- mz&. 

^lC»*d**l4SS(±^"Ufei*i^ 1. 0X10" 
TfcSOTTx P* SA 1 t iiGam NiU^ hQ>7 

[0 4 5 2] i2 9#i 

0 2 9l*MQW>me7 1 5»A>K^t^7A 
TfeO, pS2GaN*fc*-f KJI7 1 7 iZtSltSfc-JU 
lix Wfe)3Mi7 2 41Z&Z h^JP&aMtltltTOMg 
*£<47 2 4&^U^:^tt%iG^lC<toTMQW>g14®7 

1 5lZ%.\$ti£<DT^ *-^©>£A$)!>sfc/><S#£;tu 

f&fc(;:£bvmpBGaN3fett'f K«7 1 7 
j$S l//c*-JKD@#lc:<fc K> ?| &JflTltfcB^ 

* I ittft J « ffi < f 5 c t A<^tlli fe S o 
[0 4 5 3] 0 2 9M04 2 (a) #RB 

d(OMQW^(*U--tf&JE»r pMG 



aN**V Kg 7 1 7©<ffiH^©M>K<«tfTO$*9i£ 

tt7 2 4i3srsg^(3Hubaeffv^i-^ifA< v 02 

9£042 (a) fca>ttJtfr&4)6frfe£9lZ« St*© 
M Q W*H{* b -If l3tk^TSgtt@flE«:<£ <t4;t*« 
aJ(ttl3&£o 

[0 4 5 4] 03O4#tlLT, ft*©*Sifcil¥ 

^{*U-+f<DpSxUi7 ha>7a«> >?m. fP^v pS 
^■-/T-7D-te±gi;fcl^5Mgiig/)<5 x 1 0"c 

0 3 0 ( a ) #J£ 

03 0 (a) li, pSGaNSICfcltSpm^^'JT'ig 
J&x EP^. *-^StS(DMgiie«c?*tt€:l9'</i0T<9 

•k Mgsgjg*<ffic<,»^ v pm*T x )7mm*M<3m& 

iimzl&toTZhK Mg&£j!><#)5 x 1 0" cm*®** 
iZttlZti;*)^ Zr*lV.±<DMgm&T;&mz&TTZ>„ 
[04 5 5] ZOmtcpMG aHmtZtUti pS+t U 
T'itStOMgii^tt^ttli, pSAl GaNIICOUT 
tfiEjtTSttDTfcO, LfctfoT. p'SAUhQ 
a. iiNlU^ hD>7D«^I7 1 6CfiUTt, 5 
X1 0"cm- , $:^fctTp^*i'U7'JiJg6<<£Tr* 

[0 4 5 6] C®ac, fc£ K-/f>hXft**J:l 
T. *ftW±G> K-/t> hag&T** 'J 7XAtftifinB 

*iUT> pSiL-i- ha>7ci«y£/Ic7>MgSgJg£: UT 
5X1 0" cm" t^mtfim^&tlXlo&Ott.. ±iE 

[0457] LtAbT^ *ISE©S& 2 0 ©H*S©Jfcf§ 
©tSlCx plxu^ ha>:/D.y£JIc7>Mgi&g£7 x 

1 0"cm-'li±m;i:tt, pS+vUT'Sgfifcig 

Tfe^tD-C, Mg<Ditg&7x1 0"cm''ei±tt5 
3 i: IZ <fc o TS? - / X- 7 □ - * n-5 i: l\ r> 

[0 4 5 8] **U7'»**«ISfO-r*J:-5<ic*K 

D«y>>g<DMgi§jg^7 x 1 0" c m'' VL±tZT Z Z t 
[0459] @30 (b)#fiB 

030 (b) li, MOVPE^ffiSli'tttpSGaN 

0TfeOv fi£^?S^©±#t#tfCpS*vU7'SgS/><iS 
tflt*. HJt.. fi£:ll£g&ffi<-r*fcpS2*A'U7'jgj& 
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[0 4 6 0] C©»&p£!GaNJIi;;fc|**pS**y 
7igg©/iESig&fc?£tttt, pIA 1 G a NJIKOOT 
t,fi£i£-f£t»©-U£>»K L£*bT, pSxU£ha> 
^Qy *Jl©/dcSi&g£x **«OJ:9C6 0 0 , C~9 

oo'ctracitt, eoox-soo-c, .totfsizii 

730~830°C. Wittf, 7 8 0'Chr^3i:ir«to 

[0 4 6 1 J G a NJ|£i\|*A 1 G a NJKDjjm 

i§Jg€:9 0 0°CWTi:e<r-&i:. 8K*DS;-OTf 
L.<efcTSfctfK iS^li. pSGaNJiaUMipMA 
IGa NJI©iS&J&gS£fc UT9 0 0*0- 1 2 0 0°C 
©6ffl* 0SxJ£> 1 1 0 0°C©igUSJg&l£fflLT*} 

^ae* 6 o o°c~ 9 o o'ciztz z ut^m u§fr 
[0 4 6 2] ti±, *&ma>m2 o<D$mo>Bm&ww 

*tSt.<DTI*«e<. 6a©&SA^Jt£-Cfc«K 0*;Ltf. 
pSJxU^ hD>7a.y^i6Al....GaniN7:ffi 
J«UTl>*/>< s 3©«fcfflfi£ltf;:0ge>;h.3 *,©"?:&<, 
ffc©t£J5£lt©A 1 GaNTt,&<. * &ICI* N >£tfJi;& 
VpM^'y KJfWfflfi&IZfSUTA 1. Ga, In 
i-.-, N (0<x<K 0< y< 1 ) ©iirtt$xT 

[0 4 6 3] ±IB<D*#6^<D^2 0©H*£©«5J8 

WJStt^&fflUTtx^*^ <fe©«fi£©MQW>SttJis W 
ilfx J?£5 nm©6/g©I mnGani N/f U 7j| 
l3<fcoT N Ji£2. 5 n m© 5/3© I run G ain N 
- $x;WI&££|c*U,/cMQW>mJI3££/8UTfc& 

£&lctt, SQW>£t±Ji£fflitTt,&ut,©T:fc 

[0 4 6 4] ifcx ±ie©*»9i©Sg2 0©H«S(DJBffi 
OHffllZ&ltTtt* p<SH3fc#-r KJS&pgJlT. 

[0 4 6 5] 

[$&«©$&«] *3!t|l§©t& 1 ;&lftg2©f|*£<7>ffs?g£S 

ft*^«c*Sift^*^f*iU-1f©)Sttjl€:^^ 3 nmfel 
±©#-<DfDf#@T«/a-r-5t#l3, 3t**-f KJIfcttl* 

^mm}&&&Ji>$:&7f$.T2>Ziit)<T-£, *tK 
"r-i □ Xtf;fc&l48dKtiU #FJ16<m* 6nmWl(D 
3i3ii(T©^M« : F«i§fr*c:tic:«fcoTt ( Lft.utt 
SiSffig J. i&fiaTT «fcoTfi>il 
HftafcflraiiSKfe 0 , J!*©S!^«:S/Jv|!Rlciq)$<r-5 d 
t*<7?^i©-UfS«t±«:|pl±r-5Zt/)<"C?*. 3fct8*6I2 
8SIS^©Jt»fc LT«-(0Stttt<bC«-^r « i: d 3 Jb< 



[0 4 6 6] *&tyj©Sg3 71Mf&5©§?A£©J&!g 

If (iBfc»M7t^lJg^©e*ttSi:6<-arS «fc 5 
IZ, KSSl//Xtt^7 9 K^©^$4^*iXlfJf 

>^fim*{b*<«ISglz:3&:0. JHk©Hflfefe«'MiRlcMi«t-4 
Cfc*<7?£*©Tfi«tt;b<|qJ±U %«tBSBt»%a«© 

[046 7] ifc. *%lg©;g 6 1 1 ©Htt©ff$ 

«9^SK*^&*c*®iftS^(*:U— »f©p«|3t*"-f KM 

ICfc(tSSS^ti*«:fiilSLTtx5©T. Lsiwra 

m*fb/)<°ifigi3<fco, n<<»ft±ik%L>m[zmM-tzzt. 

07 AIM£ft<A±U 3tffi«l2^SIS^©3t» 

[0 4 6 8] *JftM0>Jft1 2©H]S£©^«:a* 

«fiEtrS^I3«t*ilf, h^-f KaWb-£*>4^{* 

^©/£«2££0. 1 Aim/hJ}Lt. £9*?MCI*, 
0. 3 Aim/hBLtfcrftC4:EJ:oT\ *k<4S£/><1 
0* cn-'ttTT, P LftJ|©^<Ig©'J>&<. PL 
t: 9 Ome VISIT, «fc OtfSKIi, 5 0 
m e VfeTF© I n G a N>*£ttM*?IMttA < m&TZ Z 
tA'tlSOT, «fe*ai(*U-1f©fiU$Ufie3S!g 
£<t/><9jfgi;:&D, .tntiot, 3fe^ffil3»^g^© 
3t^st UT^©^ffigflslc:^#-r * fc z ^ t%„ 
[0 4 6 9] **W©^1 3 71MS&1 5©H«i© 

^^«:^e,&iJEHiftgi|i^U--tf(DpS^^.y K 

®ldtt»$H^4a©gP«'^ISlt, z©K^$<^*S©ai7>T 
©t. ^--A-7a-f|3g»c«tSf6JSk^7V;*a»c:ei«ri 
ttK'a>4Ufl 1 1\ 5 }SiSJ3£»itit!J* CI t *<"C t i ©Tr^ 

I2^5lg^©7t^i: LT^©igffi^bl3^-r-5fc^5 
[0 4 7 0] *fc. *HIB©*1 6SVM1 7©HJffi© 

ms^ #^jscui zm&T i i\ >j Tmomm* 5 n m* 

}Sl3LTtx5©1:, ++'JT©^15l->iASatSLx % 

^fyi§©^i$-fc&±£»#*--&c: £©T, 
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[04 7 1 ] *$MB©SI1 8&tfS&1 9(Dnfo<D 

€ feii X fcJI 13 J: o TffifiE L T t ^ * <D T* * - A«J 

[04 7 2] * 613. *S§BJ1©S62 0©|gte©ffi!B£g 
ny</m£. Mgj«jg/)<7x1 0 " c m JA±©«iig 

[HHrofism&iafjin 

[01 ] *^©jg3i6tjfi|fiE©Ui^gi T ;fc2,o 

[0 2] ^E- K«ff tgS68&j£©|§|i|©#f5JI©JISfcflc 

[0 3 ] *&tyO)$H 1 <DSI«4(DJKSl3fc(t5 Ju©>£t± 

[E4] *&ib©?&i otmommto^mms— yam 

[0 5] *^©^2COH*£(D^fB©*S{*U-V<Dt4 
«0trfe5 o 

[06] *§tw<D%i3<Dmtfc<omm<DMQwmj&¥m# 
[07] *%w<D&4o>nm<Dmmo)MQyNm&*mw 

U— tf©*4«0T*>S o 

[0 8] *$M8©|g 5 <Dnm<Dmm<D S Q Wfl$j£i£^f* 
U— tf<BfStta0T?&So 

[0 9] *fgfl£©ff§6©fgjft©ff*Jg©SQWi^f*U- 
1f(D|Sj^0-efe4o 

[010] *&m<Dn7<DmMv>mm<DSQYi*m&i' 
[01 1 ] *&w<Dma<DnfcG>mm<DSQ\N*mm' 

[012] *SgB£©S69©f|jft©BJB©SQW¥^&U 

[013] *%tyo>mi o<Dmmv>mm<i>sQ\N*mw 

U--»ftf>iJlS.8E]Tr£.-5„ 

[014] *$6l«©Sg1 1 ©H*£©»®©SQW^tt: 
U— tf<Di8B/i0-CfcS„ 

[015] *$|l«©Hn 2©H*6(Dje®(DS«^^f* 



[016] *$IH8©$fn 2©SI*fi<Dmffil3i3ltSPLift 
[017] *$&ffl©|g1 3(DHit<DBS©lft^ElTfc 

So 

[018] *nw©mi 4si/^i 5 <Dntf&o>mm<j>viL 

[019] 2M§Elfl©$fS1 6©HSS<DJf^<DMQW#^# 

[02 0] *$H!8©Sg1 7©H*£©Jtj!IS©MQW4^{* 
U— tf<D*4*f0Tfc£„ 

[02 1 ] *$SH8©SfM 8©SU5fc©ffj<S©MQW^# 
[02 2] *$6«!8©$&1 9©^jft©Jf5fg©MQW^tt 
[02 3] *$gl«©tg1 9(DSIMi<Djf5Sl3j3lt4i»*© 
[02 4] *&lil§©S&2 0©flAS©}t;fg©MQW^f* 
[02 5] *^B8C)^2 0©ISS6©m?5§©MQW*#tt 

u — tfroei35-3taj*1$tt©Ui^0Tfe5 o 

[02 6] *&W©S&2 0©^*t©m&l3fcl:rS$ft*£ 

mugTzfrtbizimistzmmrnxmi. e D©iftt»0T-fc 

So 

[027] mm&*w\-EDo>%ye?.'i? h)i&&om 
f£2kft #<64±© 0 t- 5 o 

[02 8] aifitSL E DI3fcl*Sf§5fc3&g©MgjR 
£«<#1±©i8ll80TfcSo 

[02 9] *3&lilJ©Sfl2 0©f|«t©m®©MQW^# 
U— tf©MQW;mJli5^©/t> K^-f^^Tfe 

•So 

[030] pMGaNmiztiifzpmi-vvj'm&om 

[03 1] t*3feOS?i5«*^f*l63tm^O!)iftB8ETfc 

So 

[03 2] f&|E<D)Sttjl*«f*U-- tftDlft^HTrfeSo 
[03 3] Sf*OMQW*##U- tf©$M£B$©A>K 

[03 4] ft*©MQWfl$i£JS&JMI^f*U-- tfKfcl* 
S * - ^m^(D^(3lStfc#tt0)lftB^ElTit, * o 
[03 5] &3fc©MQW*^*l.-1f©$HgB$©*-;u 

ffi^^©^ hit fc s o 

[03 6] ft*©MQW4^f*i'-if©$sigi$©ii ; f& 

Sa-^roittB^El-tr&So 

[03 7] et*©MQWJS?^^#:U— tfl3fcW\S3fc 
*&»3t^#^©IJU80Tfc S o 

[03 8] «t*©MQW*i#U- tf<Ditai^-li3£1# 
tt<Dl»B^0TfcS o 

[039] §^#/5ffi>£>Stt/f ©&*&)*© I n. G a 
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... N/fU7MOI n|ifiEitxtt^li<0lttW@Tfc2.o 
[04 0] -giS©* ^ -y KStiricflc^tt 

CDittt»0Tfc5 o 

[04 1 ] *-rt-?n-m&tom*^Q&\jLO>Vm 
07rfc5 o 

[04 2] t£3fc©Ji&£^&U-1f©A>K^^ 

[04 3] tf£*CD*IftJi*gf*U — if COP Lt-^g 
^CD|«W0-?rfe2.o 

[04 4] ee*<©«ifts^f*u— »f{rijit2.7tai*^ 
[04 5] ese*©s»«^sif*u^- tf p l t:- 
minium 

1 Si 

2 ^ v ry KM 

3 KM 

4 JSttJi 

5 attf-f KM 

6 tf 7 «y KJI 

1 1 nIS i Cgffi 

12 AlGaN/W7 7JI 

1 3 nIGaN« 

14 nSA 1 , ii G a..« N^7«y KJI 

15 T> K-^G a N5fe*W KJI 
1 6 SQWiSttJf 

1 7 pSGaN3t**-f KJI 

18 p§SA 1 • ii Ga. « N£^*y KJi 

1 9 pSGaN3>*7 h@ 
20 Nigg 

.21 N i 

2 2 MQWiSftl 

1 1 1 nSS i CS« 

112 AlGaN/1-y77l 

1 1 3 ngGaN^i 

114 nIA 1 .ii Gam N$7V KJi 

1 1 5 7>K-^A1 i.«Ga,.nN3t*V KJi 

116 MQWJStfeJi 

1 1 7 pSGaN3t*--f KM 

118 piA 1 o is G am N?7«y KM 

1 1 9 pSGaND>yv hJi 

12 0 N i f|g 

121 N1IS 

122 nSAlu Gan N^7^KI 
1 23 7>K-7GaNM-( Ki 

1 24 7i/K-yAl ...iGa.nN7t*'-f KJi 

1 2 5 SQWJSit^ 

126 pSAI Ga.i N^"-/X-7D-RiSit® 

2 1 1 ngS i CSS 

2 12 AT GaN/1»;7?I 



2 1 3 nSGaN^Ji 

214 ngAI •. ii G a i. ii N ^ 7 >y KM 

215 7>K-7GaN3tA'-f KJi 
2 1 6 SQWygttJi 

2 1 7 :r> K-^GaN3t*"-f KM 

218 pSAIiuGamNy^vH 

2 1 9 p£G a N □ $ hM 

2 2 0 N i !S@ 

2 2 1 N i i|g 

2 2 2 7 7 >K-7 r A1«..iGaMiN3t*f-f KJS 

2 23 7*> K— "71 n».« Gam HHtH4 KM 

2 24 7>K-7In.iiGa.iiN3t*'-J Kl 

2 2 5 pSAlinGauiN^VKI 

2 2 6 7»> K-7GaN«#<f KM 

2 2 7 7>K-7y'U-T7 K3fe#-f KM 

2 2 8 pgy-U-fv K3t#-T KM 

229 7>K-7A1 mGamNjtAV KS 

2 3 0 pSig^U— K**'-f KM 

3 1 1 nSS i CStS 

3 12 A 1 GaN/t«;77@ 

3 1 3 nlGaNffli 

314 nSAl t.iiGauiNi'7'y KM 

315 T> K — "7G a H%H^ KM 
3 1 6 MQWJSttM 

317 7> K-T/GaNTfctf-f KM 

318 pSA 1 . it G am N^^»y KM 

3 1 9 pgGaNa>y 7 KM 
3 2 0 N i €@ 

3 2 1 N i ®& 

4 1 1 nSS i CStfi 

4 12 A 1 G a N/W77M 

4 1 3 nSGaNW 

414 nSA 1 i nGai.il N^7«y KM 

415 T > K-^G a t\%1S-< KM 
4 1 6 SQWS3H3M 

417 7^> K-^GaN3t**-f KM 

418 pgA 1 o ii Ga. n N^5*y KM 
4 1 9 pMGaN^S 

4 2 0 pSAI e ii G a «. ii N ^ 7 >y KM 

421 pSGaN3>yyhI 

4 2 2 N i ®& 

4 2 3 N i @& 

4 24 ^b-f'y K<t>MM 

4 2 5 ^M4?|]i^r B 1€ 

5 1 1 nSS i C«t£ 

5 12 AT GaNMr77i 

5 1 3 nIGaNW 

514 nSA 1 i n Gain N£5«y KM 

515 T> K-^GaN3t**-f KM 
5 1 6 MQW>£1±M 
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5 1 7 7>h'-7l n..uGamN«)x;H 

5 18 T> K-:/I nt isGai ii N A'J TM 

5 1 9 7^>K-yGaN3t*W KA 

5 2 0 pSA 1 ujGa..«N^7y Kg 

52 1 pSGaN3>^^ hA 

5 2 2 N i ®g 

5 2 3 N i f|@ 

53 1 1t7 7^7S« 

53 2 GaNffi£My?7JI 

53 3 nSGaNW 

5 3 4 nSA 1 uiGai.iiN^7«y KA 

53 5 7 , >K-^GaN3t^/-f KA 

53 6 MQWgltl 

537 7>K-yGaN3t^KI538 pSAl 

i iiGai.it N £ ^ *y KA 

539 pSGaN3>^^hI 

5 4 0 Tifg 

5 4 1 N i m& 

6 1 1 nSS i CStS 

6 12 A 1 Ga Urtvyj>m 

6 1 3 nSGaN^I 

614 ngAlHtGai.nN^7yKfi 

6 1 5 7>K-yGaNM-f KA 

6 1 6 MQWSttf 

6 17 r> K-7A 1 i n Gam Nxb^ ha>^ 
□ y^S 

6 1 8 pSGaN7t*VKi 

6 1 9 pgJA 1 • ii Gam N^^y KA 

6 20 p£Ga N3>^J hJl 

6 2 1 Ni S€S 

.6 2 2 Ni f|& 

6 2 3 pffi^U— t** KA 1 GaNA 

6 2 4 pIAIiuGainNI 

6 2 5 pS^l/-T^ KA IGaNI 

6 2 6 pSxl/^hD>7D»y^i 

6 2 7 S i Oi m 

7 1 1 nS2S i CStfi 

7 1 2 ngAl inGai.ii N/fy77j| 

7 1 3 nSA 1 tit Gain N>?^y KA 

7 1 4 7>K-7GaN*#-f KJB 

7 1 5 MQWgtti 

7 16 p * MA 1 i ii G ant NxU^ hD>7o^ 
*A 

7 1 7 pSGaN^W KB 

7 1 8 pSA1uiGai.iiN^7^ KA 

7 1 9 pgGaNfl D^^hl 

7 20 p < SGaN$2D>$'^hI 

721 SiO.i 

72 2 n««« 



7 2 3 p«H©g 

7 2 4 TOMbVtt 

73 1 ngSiCStfi 

7 3 2 nSA 1 ...Gam N/<y7rJ| 

7 3 3 nIA 1 MiGa«.u N^7«y Kg 

7 3 4 7 > K-^G a N jfc#<T KA 

73 5 MQWSttl 

7 3 6 p'SAl i ii G a in NxU£ ha>7Qy 
£A 

7 3 7 pSSGaN*»-f KA 

7 38 pgAl i.nGauiN»79 KA 

73 9 piGaNfl KA 

7 40 p , SGaNf23>^*H 

7 4 1 n«*S 

7 4 2 SiOii 

7 43 

7 44 >£f/ty K 

8 1 1 *7 7^f7Sfi 

8 12 G a NA^77l 

8 1 3 nSGaN^y77l 

8 14 nSI nn Gaii NI 

8 1 5 nSAl MiGa.uN^7^ KA 

8 1 6 nSGaN3t^-Y KA 

817 I nGa NMQWJSttA 

8 1 8 pgAl n Gan NA 

8 1 9 pSGaN3t*V KA 

8 2 0 pSA 1 o .« Gam Wp^v KA 

82 1 pSGaNJ>^^hI 

8 2 2 nfliISS 

8 2 3 p«f««i 

82 4 n£G a N A 

8 2 5 I ni tiGaui NSSttA 

826 pMGaNA 

83 1 V-?7<<TW3k 
832 GaNn^77@ 

83 3 nSGaNW 

8 3 4 nSA 1 o.o.Gai... N^7«> KA 

8 3 5 nSGaN3fe^ KA 

8 3 6 MQW>£t£A 

8 3 7 pgA 1 i iiGaut N*-A-:7Ci-|ftitA 

8 3 8 pSGaN^tf-f KA 

8 3 9 pSA 1 i, N GauiN»79 KA 

840 pgGaND>*£hA 

8 4 1 r\%W& 

8 4 2 SiO t g 

843 p««gt£ 

8 4 4 Sff 9]ttl^<D(ffi@ : f^(DM> K*£ 

84 5 
8 4 6 
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* - 13:nfiGaN*!M 

o i i5:7>r-roaNj(iy^ro 

16:SQW&ftfl 
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[05] 



[06] 




limSfsica&fc 



18:pMAI auOa uuWjjV « 
IfcpMOaNnv** hJg 

22:MQWfiH£* 




lllmSSiC^K 

Xl5:TVF-yAl (U >5GaoL95N*7y'f KB 

lnipfiGaN**^ K® 

1 18:p3iAioajGaoi«N* 7 7 K« 

I19n>SCaN3 Y% 

120.Ni«|£ 

ui:Ni%£ 



[015] 



12 3] 



#«Wo*i2O3llfe<9Saffi<0 



-319 
318 
317 




311 : nfflsicifeS 317 : r/r-7-aaN**Vfr/§ 

312 ! AIGaN"' 777« 318 ! pSAkusGausW^K If 

313 : nSGaN* 319 : p£G*N3>m* 

314 : nlUlo.uGausN*77f "fl 320 : Ni*K 

315 : r/r-rcaNifcr^r® 321 : Ni*« 

316 : MQWSffia 
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(07] 



[08] 



[0 9] 




llllllllllt 




U2:A!GaN/t7 7tJ@ 

U3:nS!GaNt|iRlJB 

ll$:MQWSft£Jg 

U8:p&Alo.i5GaaasN? y *t K© 
119:p£GaN:iV** hJg 
120:NiM 

123:7 > K-7\3aN3fc2T>f K» 



inipSfGaNSfctf-f KJB 
J18:pS3Alai50aaA3N^ 7 v KJR 

l20-.Ni*fc 

124:T> K-^AlojJ5Ga(L9sN5t^^ K« 
125:SQWf£tt* 

126:pSAl*aGaasN* -/^7U -RfrihJi 



211 : nssic^e: 
212 : aig^a'77tJ1 

213 : nSSGaN^HIJB 

214 : nMA10Lt5Cao.isN^r IB 

215 : 7>r-rcaNftr/rs 

216 : SQWfStefl 

217 : 7>r-roaN*3ivr« 

218 : p52AIauGaiusN>77rJB 

219 : pfiGaN?mHI 
220 : NifiS 

221 : Ni£& 



[025] 

^»WO»20^^J»O^llSOMQW^*^lx^4f<0 
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11 0] 



[01 1 ] 




2U:n®SiC£tf 
212^UGaN**77rJS 

214^faAhu3Gafl.i5N^7rS 

2l5:T» # -7 - GaN3fe*MrJg 
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